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Last negotiated draft
Endocrinologic and Metabolic Drugs Advisory Committee #72

Food and Drug Administration
Center for Drug Evaluation and Research

Bethesda Holiday Inn, 8120 Wisconsin Avenue, Bethesdé MD =
March 26, 1999

To discuss experience since approval for marketing, benefits, and risks of Rezulin™,
(troglitazone, Parke-Davis Pharmaceutical Research, a Division of Warner-Lambert) and NDA 20-
720; S12 for triple therapy with sulfonylurea and metformin in treatment of type 2 diabetes mellitus.

Agenda

8:00 Call to Order, Introductions, Opening Ccmments: - -
Henry G. Bone I, M.D., Chair e
Endocrinologic and Metabolic Drugs Advisory Committee '

Meeting Statement: Kathleen Reedy, Executive Secretary
Endocrinologic and Metabolic Drugs Advisory Committee

8:10 Background and Purpose:

James Bilstad, M.D., Director, Office of Drug Evaluation |

8:20 Open Public Hearing
9:20 Sidney M. Wolfe, M.D., Director, Public Citizens Health Research Group
9:30 American Diabetes Association

9:40 FDA: Epidemiology and Hepatotoxmty David J. Graham, MD, MPH
Office of Postmarketlng Drug Risk Assessment

[

10:45 Break

11:00 Parke-Davis: Epidemiol__ogy and Hepatotoxicity:

12:00 Lunch

Wy

W\

12:45 Parke-Davis: Overall Effi cécy Triple Therapy, Summary Statement
1:30 Discussion
2:30 Charge to the Committee, Introduction to Questuons
James Bilstad, M.D. Dlrec;tor Office of Drug Evaluation Il
2:45 Questions ;
Break. , =
5:00 Adjourn



Endocrinologic and Metabolic Drugs Advisory Committee #72

Food and Drug Administration
Center for Drug Evaluation and Research

Bethesda Holiday Inn, 8120 Wisconsin Avenue, Bethesda MD ,:
March 26, 1999 . G
To discuss experience since approval for marketing, benefits, and risks of Rezulin™,
(troglitazone, Parke-Davis Pharmaceutical Research, a Division of Warner-Lambert) and NDA 20-
720; S12 for triple therapy with sulfonylurea and metformin in treatment of type 2 diabetes mellitus.
Proposed Questions -
1. Based on the available information, with the currently labeled indications, (mcludmg

the proposed triple therapy) warnings and precautions, do the bernefits~ of
troglitazone therapy outweigh its risks?

2. If the answer to Q1 is yes, can the current labeling be enhanced to further improve the
risk/benefit relationship?

How?

What other steps should be taken?

- e

3 If the answer to_Q1 is no, could modification of the current labeling resultin a
favorable risk/benefit ratio? :

What changes are recommended?

W

What additional steps should be taken?,ﬂ,

e
2
e

- - >

4. Is any additional information recommended concerning the hepatic effect of -
- troglitazone? _ -



NDA 20-720

Troglitazone — Efficacy Supplement

Submitted November 18, 1998

Introduction

Hepatotoxicity
Labeling issues

Recommendations

Reviewed by Robert.I Misbin MD
March 12, 1999
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INTRODUCTION:

Troglitazone is currently approved for treatment of type 2 diabetes as monotherapy or in combination with
insulin or sulfonylureas. This review deals with an efficacy supplement that contained a new study
showing that troglitazone improves hyperglycemia in patients inadequately treated with sulfonylureas plus
metformin, protocol 991-105. Other new data submitted regarding other aspects of troglitazone treatment
are discussed. These include a comparison of troglitazone, monotherapy and the combination , protocol
991-075, a comparison of troglitazone and metformin monotherapy ( Glaxo 3002), and a stucF of the
effects of troglitazone on body composition, protocol 2019. There is no new safety information except
noted. I also give a brief chronology of the development of liver failure in patients on troglitazone with +
details of findings of transaminase elevations that occurred during the clinical trials. A discussion of the
post-marketing cases of liver failure will be presented to the Endocrine and Metabolic Advisory

Committee by Dr David Graham on March 26, 1999.



REVIEW OF HEPATOTOXICITY

Mean transaminase levels fell in patients treated with troglitazone in phase 3 trials, probably reflecting , -
improvement in steatosis that is frequently present in livers of patients with poorly controlled diabetes. One
patient had a baseline ALT elevation of 148 U/l which normalized to 18 U/l on troglitazone. A second
patient had a baseline elevation of 98 which fell to 53 on troglitazone.

The initial labeling for troglitazone con}a.ined information about two patients* who developed reversible
jaundice during the trials and had biop'sgl findings of “idiosyncratic drug reaction.” It was also stated that
2.2% of patients during the trials had'a transaminase ( ALT or AST) level exceeding 3xULN. In many of
these patients, ALT levels fell despite continuation of troglitazone treatment. With only two casespof
jaundice in a database of over 2500 patients, it was not apparent that routine liver monitoring would have
been productive. As noted above, ALT elevation due to diabetes itself appeared to be improved by
trogltiazone. Since the treatment-emergent elevation was reversible in all cases, inclusion of the data
mentioned above in the wamings and laboratory abnormalities sections was thought to have been adequate.



What was not appreciated by DMEDP was that many of the patients classified as ALT > 3xULN actually
had ALT values that were VERY much greater than 3xULN. )

The first cases of frank liver failure related to troglitazone surfaced in October 1997, and required a
reassessment of the data from the clinical trials. On October 21, 1997, Parke Davis submitted a document

to their IND summarizing ths experience regarding abnormal liver tests from theclinical

trials based on information available through February 1, 1997. These data are summarized imthe table
below. Of patients with treatment emergent ALT values >3x ULN, the median study duratiof™to peak ALT
elevation was 121 days. There were 24 patients in whom troglitazone was discontinued because of an &L T
elevation. In reviewing these data, I believe that one of these cases could be explained by preexisting
elevation . 22 of the remaining 23 patients had treatment-emergent ALT values over 3x ULN. The highest
baseline value was 65 U/L ( 1.9 x ULN) In 14 of these 23 patients, the ALT. value exceeded 8xULN (272
U/L based on normal ALT up to 34 U/L) and in 5/23 patients the ALT value exceeded 30xULN.. There

were also 17 patients who developed ALT elevation > 3x ULN while on troglitazone in whom the
abnormality reversed despite continuation of troglitazone. In 5 of these patients, ALT exceeded §xULN.

The highest value was 12 xXULN. There were additionally 8 patients with ALT > 3xULN with elevations

that persisted at the end of the trial but whose ALT normalized following completion of troglitazone
treatment. ALT elevations appeared to occur more frequently in the Glyburide add-on trial tham in the other
trials. Among 237 patients treated with troglitazone plus glyburide, six patients were withdrawn becjuse of
ALT elevations and five patients had ALT elevation that normalized despite continued treatment. Among

236 patients on troglitazone alone, one was withdrawn because an ALT elevation, three normalizeq despite
continued treatment, and two normalized after troglitazone was withdrawn. The total number of patients '
was 11 /237 (4.6%) for glyburide plus troglitazone and 6/236(-2.5%) for troglitazone alone. Before
concluding that glyburide may increase the risk of hepatic toxicity due to troglitazone, one must assess
possible differences in the length of exposure. This trial was a 12 month comparison of troglitazone plus
glyburide to troglitazone alone. Although equal numbers of patients were randomized to troglitazone plus
glyburide ( n=237) as troglitazone alone ( n=236), the dropout rate due to lack of efficacy was very high

for patients on troglitazone alone. 90 patients on troglitazone alone completed the study compared to 180
patients on troglitazone plus glyburide. The troglitazone vs placebo trials only lasted six months. and ‘vere
also associated with a high drop-out rate because of lack of efficacy. Thus, part of the apparent increase in
troglitazone hepatotoxicty in patients on glyburide may be due to longer exposure. On the other hand, it
should be noted that only 3 of the 11 patients on glyburide plus troglitazone and 1 of the 6 patients on
troglitazone alone had their ALT elevation after 180 days.

Some of the data, which Parke Davis submitted on October 21, 1997, appeared inconsistent with the section
on “abnormal liver function tests” in the text of the safety update of May 21, 1997 which Parke-Davis
submitted prior to approval of the efﬁcacy supplements for monotherapy and the combination of

troglitazone with sulfonylureas. In response to a request for clarification, Parke Davis explained that two
patients mistakenly described in the safety update as having ALT values <3xULN actually had values
>3XULN. One of these had an ALT of 1111. In addition, PD explained that the discussion of patients with
elevated AET levels in the text of the safety update pertained to patients reported as “elevated ALT levels” -
as the COSTART term. Patients were apparently not included in this section if the COSTART term was

T

“liver function test abnormal”. )
3 NDA Data base - .
" ALT Elevations during Clinical Trials L
ALT max Continued on drug - Withdrawn Total
Value at end of trial
) - Normal ./~ Abnormal**
>3 xULN (102 U.L) 17 4 8 23 48 (1.9%)
>5xULN (140 U/L) 16 6 20 42 (L.7%) 5
>8xULN (27° U/L) 5 3 14 22 (0.9%)
>30xULN (1020U/L) ---- - S* 5*  (0.2%)
Data from submisstion to IND Jctober 21, 1997 * 2 jaundiced =
Upper limit of normal taken as 34U/L ** normalized following drug w1thdrawal

N=2510 (n= 1715, 3 months of longer)



It is worthy of note that the incidence of abnormal ALT values in the NIH diabetes prevention trial
terminated in June 1998 appears somewhat higher than that shown in the table above. Of 585 patients on
troglitazone, 18 patients ( 3.0%) had an ALT value over 3x ULN. In 9 patients ( 1.5%), it exceeded
8xULN. Two patients had ALT values over 30 X ULN. One of these patients developed liver failure and
was given a transplant but died soon after. The second patient recovered. The median duration of
troglitazone treatment to initial ALT elevation was 126 days and to peak elevatlon was 143 days. The
highest initial ALT value for any of these patients was 0.6 x ULN. —~

=,
The incidence of 3.0% for ALT > 3x ULN in the NIH trial appears higher than the 1.9% found inthe NDA
database. The incidence of ALT values > 30x ULN was 0.2% ( 5/2510) in the NDA data base and 0.3%
(2/585) in the NIH study. These apparent differences may possibly be explained by the fact that about 800
patients in the NDA database had been exposed to troglitazone for less than three months and therefore
were not as vulnerable to liver damage as patients who had been exposed longer. Another difference is that

the ULN for ALT was adjusted for age and sex in the NIH report.

Since the first cases of liver failure which surfaced in fall 1997, DMEDP has taken the position that Rezulin
could be used safely provided that patients were monitored for early signs of liver damage. In July 1998,
monthly monitoring was added to the label to try to prevent the rapid development of irreversihle liver
damage that occurred in the patient in the NIH diabetes prevention trial It has recently become apparent,
however, that even monthly monitoring will not prevent every case. In January 1998, we bécame aware of
a 63 year old patient in a Parke-Davis postmarketing study who developed irreversible liver, damagg- 41
days after starting Rezulin. Her ALT had been normal at baseline (17) and had been normal ( 22) just 13
days before the ALT value of 1130. She then went on to develop liver failure and died several weeks later.
That this happened in one of Parke-Davis’ own studies is evidence that the safety of troglitazone cannot be
assured., even with monthly monitoring of liver enzymes.

In the clinical trials which led to troglitazone’s approval, there were no cases of liver failure in 2510
patients ( NDA data base in previous table). Now we have one death due to liver failure in a postmarketing
study of about 2500. We also know of one liver transplant among the 585 patients exposed to troglitazone
in the NIH diabetes prevention trial. Combining the NDA data base and the NIH trial, there were 7 patients
out 0f 3095 ( six in addition to the one liver transplant patients in the NIH trial) whose ALT value exceeded
30 x ULN, an elevation which most clinicians would consider to be dangerous. Although the numbers are
too small to be confident about calculating an incidence rate, it is hard to deny that these cases create a
serious doubt about the safety of troglitazone. By contrast, I am not aware of a single case of lactic
acidosis, let alone a death due to lactic acidosis, in over 6,000 patients who have received metformin in
clinical trials. The fact that liver fallurc due to troglitazone cannot always be prevented, ewes with monthly
monitoring, requires that we redefine the patient population for which troglitazone 1s really needed.

*Two patients had liver biopsies showing idiosyncratic drug reaction, but only one of these patients was
jaundiced. An additional patient had jaundice believed to be due to recent exposure to an env1ronmental
toxin. This ewor was.corrected in a subsequent label.

LABELING:

Liver injury: There is now enough information about liver injury that the terms “rare” and “very rare”
seem inappropriate. Classifying cases }é “ALT levels greater than 3x ULN” also serves to understate the
problem.

- , *
[ would suggest the following language:

WARNING: Rezulin can cause severe idiopathic hepatocullar injury. This injury is usually
reversible but can cause liver failure even if Rezulin is discontinued. The injury typlcally occurs
between one month and eight months after treatment is started.

20
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I would also expand the section about the clinical trials in the boxed warning:

Theére were 48 patients with ALT values over 3 x ULN. 22 patients had ALT values over 8 x
ULN. 5 patients had ALT values over 30x ULN. Total exposure was 2510 patients of whom 1715

received troglitazone for three months or longer. The median duration of treatment tospeak ALT

|
.=,

level was 121 days
. L
Mechanism of action: The paragraph dealing with islet function should be omitted. Improvement in beta
" cell function in troglitazone-treated patients is probably a non-specific finding related to improvement in
hyperglycemia.
Clinical effects: The addition of new information about lipids can be added as written, but a statement
should be included indicating that the clinical significance of these lipid changes is not known.

Combination with SFU: The new paragraph dealing with body distribution should be deleted. This was
from a small study with incomplete data in which troglitazone was not very effective. - ]

Wi

Monotherapy: . The response rate, based on

reduction in FPG of >30 mg/dl is only i’bout 50%.

21
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RECOMMENDATIONS:

-
Combination therapy: : -
.=,

Troglitazone is highly effective in patients with type 2 diabetes whose hyperglycemia is resistant to insislin
treatment. These patients tend to be older than patients who do not require insulin. They are also more
likely to have the kidney and heart involvement that would increase the risk of lactic acidosis if they were

treated with metformin.

This submission provides strong evidence for the labeling claim that troglitazone is effective when added to
patients inadequately controlled on a combination of a sulfonylurea plus metformin. These three classes of
drugs work through largely different mechanisms so that triple drug combination therapy makes a good .

deal of sense

Monotherapy:
¢ _ 7Z€x‘f fc’C/M’[ec/
3/ftg
" Robert I Misbin MD -
DEMPD '
HFD 510/misbin/sobel/malozowski
March 12, 1999 , -
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Epidemiology of Hepatoxicity
with Troglitazone

David J. Graham, MD, MPH
Lanh Green, RPh, MPH

Office of Postmarketing Drug
Risk Assessment
Center for Drug Evaluation and Research

© e

Background Information
on
Acute Liver Failure

xS
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Definitions of Acute Liver Failure

« Trey and Davidson (1970):

— Encephalopathy within 8 weeks of first symptoms of
iliness; in the absence of pre-existing liver disease

+ Bernuau, et al. (1986):
— Encephalopathy within 2 weeks (fulminant) of up to 12
weeks (subfulminant) following the onset of jaundice; in
the absence of pre-existing symptomatic liver disease

« 'O’Grady, et al. (1993):

— Encephalopathy within 1 week (hyperacute) or 4 weeks -
(acute) or 12 weeks (subacute) following onset of
jaundice; in the absence of pre-existing symptomatic
liver disease

L)

.,

KD 5

Proposed Classification Systems for
Acute Liver Failure

UK (King’s College, London)

Hyperacute 0-7d
Acute 8-28 d
Subacute 7 29-84or182d
, France (Hopital Beujon, Clichy)
Fulminant 014 d
Subfulminant - 15-84d
Va " United States
Fulminant 0-56 d

Subfulminant 57182 d

)
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Criteria for Grading the Level of -
Hepatic Encephalopathy

Grade 1 Mild confusion; slowed mentation

Grade 2 Drowsiness; inappropriateness;

asterixis

Grade 3 Sleepy but rousable; incoherent

speech; marked confusion

Grade 4 Comatose; A: responds to pain

B: no response to pain

Clinical Features of Acute Liver Failure

®

[

Hepatic » Metabolic

encephalopathy — Hypoglycemia
. Coagulopathy ~ Lactic acidosis

— Platelets — Electrolytes

- PT + Sepsis -

Renal Failure

Cardiac

— Hypovolemia

— High €O

~

~




Pathophysiology of Acute Liver Failure =

Prad

——

£
¥

Hepatic damage l d risk e
\ i of infection
k|
X [Endotosaersa] P
.' Activation of
macro:hagos
Tissue Iypoxla Circulatory - S;I;:::O:f - ,
chang TNF, IL-1, IL-6
FIG. 1. Vicious cycle of events in pathogenosns and |
basis of multiorgan failure (MOF).
Semin Liver Dis 1996;16:343-8
Etiology of Acute Liver Failure
UK France US
Viral - 34% 72%  70%
Acetaminophen  57% 2% 15%
Drug 3% 15%  10%
Others . % 1% 5%

N\



Etiolagy of Acute Liver Failure
by Time of Onset, UK

Hyperacute Acute
(n=81) % (n=89) %
HAV 198 103
HBV 37.0 16.0
NANB 17.3 45.3
Inc serology 18.5 18.1
Halothane 1.2 4.5
Drugs 6.2 6.8
"Cereb edema 69.0 56.0
Survival w/o Tx 36.0

7.0

Subacute

(n=59) %
T8

6.8
83.0

34
14.0
14.0

Lancet 1993;342:273-5

!

Mortality Rates from Acute Liver Failure-
(Pre-TranspIant)

Cause of ALF
~ HAV
HBV
NANB

Drug

7

Mortality
Italy
50-60%
65-80%
90% -
90%

UK
33%
61%
80%
88%

A\



Survival Iiates from Acute Liver Failure
including Transplantation

&
Survival
Cerebral edema
Absent 67%
‘Present 50%
Cerebral edema and N
oliguric renal failure 30%

Summary of Outcome of Acute Liver Failure from

Five Liver Transplant Centers in the US, 1984-1996

Number (%)
Alive
MNo transplant .50 (23.5)
Transplant 77 (36.2)
Dead ‘
No transplant 54 (25.4)

Transplant 32 (15.0)
Vi
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Troglitazone Drug
Usage Data

',

Monthly Prescriptions of Troglitazone in the
Us, 1997-1 998, NPA™ Data

600 .
500 |
P
2 400
b
g 300 |
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c 200
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Cumulative Prescriptions for Troglitazone  __
by Month in the US, 1997-1998, NPA™ Data - =_

'
9
8 |
» 7 4
£ 6
I;E 5
c 4 4
‘@ 3 -
& 2-
- | .-
o T 1 T T T T T T T T T T T T T { T T T T T e -
J MM J S N JMMJ S N
1997 1998
Troglitazone Use in the US,
NDTI™, 1997-1998 .
% Female 43%
Mean Age 60.7
Age Distribution ~ * % Total
- 0-34 - 2.2
35-44 , : 8.9
45-54 19.4
55-64" 28.3

65+ 411
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Number of Patients

. 2000 -

Continuation of Troglitazone Use by Patients

Treated with the Drug, UHC, 1997-1998

10000
9000 |
8000 -
7000 |
6000 |
5000 -
4000 4
3000 -

1 1 1 1 I T 11 T

1000 -
0

|

60%

32%
s
Ll ””;ﬂ:ﬂ:ﬂ%“%ﬁf’ﬂwm '

T

~-h

T

3

} H }
T 4 1

5 7 9 11 13 15 17 19 25

Number of Rxs Fitled

4

Review of Reported Cases of
Acute Liver Failure and Hepatitis

- -t

with Troglitazone




Definitions Used to Classify Case Reports - 1

-
-

- Acute Liver Failure ¥

— Used classification scheme by O’Grady,
et al (UK, 1993)

— Measured the interval from jaundice onset to
encephalopathy/ transplant or death (variable
named JENTD in subsequent slides) -

_— If timing of jaundice unknown, used time of ..

onset of other symptoms, or of stopping RIS

troglitazone use

-

Definitions Used to Classify Case Reports -2

- - N ~ N

* Rapid Riser
— Patient in whom markedly abnormal liver
‘tests were obtained within “a month” of
previously normal test results

» Unknown ;Riser

— Patient in whom the time course of
development'of abnormal liver tests is unknown

‘i\h ‘
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Overviev; of Reported Cases of Hepatitis
and Acute Liver Failure with Troglitazone

Hepatitis 81
Not hospitalized 29
Hospitalized 46
Unknown 6

Acute Liver Failure 43
Probable 38

Possible 5

de

Outcome in 43 Reported Cases of Acute..
Liver Failure with Troglitazone

-

Alive 12 (27.9%)

‘No transplant 5
Transplant =~ 7

- Dead 28 ° (65.1%)
No Transplant - 26
Transplant 2

Unknown 3 (7.0%)

I\
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Timiﬁg of Onset of Acute Liver
Failure in 43 Reported Cases

20 -

-
o
L

29%

-
[—~]
)

No. of Cases

[2,]
!

49%

0-7d

8-28d 29-84d

Female
Age
Duration of Rx

Daily dose 200mg -
400mg
600mg

Jaundice as 1%Sx

Jaundice @Dx

Time from jaundice to

encephalopathy

69.8%
63.3
134d

20.0%
68.6%
11.4%

62.2%
89.2%

19d

Patient Characteristics in 43 Reported Cases
of Acute Liver Failure with Troglitazone

(43-91)
(4-478)

(0-70)

“

-

S

W
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First Indication of Hepatic Injury in 43
Reported Cases of Acute Liver Failure

Jaundice 23 (62.2%)
Other Sxs - 9 (24.3%)
Unknown (6)

.=,

&
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Relationship of Daily Troglitazone Dose and -
Outcome of Acute Liver Failure o

in 43 Reported Cases* '
Outcome

e

Daily Dose Alive Dead

200 mg : 7
400 mg 9 13
600 mg ‘ 4

Unknown 3 . 4

*3 Patients with outcome unknown

Liver Enzyme Monitoring in 43 Reported
Cases o_f Acute Li_ver Failure

- —

Baseline 20 46.5%

Monthly 8 18.6%
Rapid Riser 9 - 20.9%

Unknown Riser 31 72.1%

#
s
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Comparisan‘of Cases of Acute Liver Failure with

Documented Rapid Rise in Liver Enzymes to Cases _

with Unknown Enzyme Timecourse*

Rapid Riser Unknown Timecourse “(
Age 67.2 61.9
% Female 66.7 67.7
Duration Rx (d) 134.1 138.4
Daily Dose (mg) 400.0 384.0
JENDT (d) 16.2 20.3
% Hyperacute 22.2 27.6 i
% Jaundice 1st 50.0 73.1

*“No differences are statistically significant

-
—

Time-Course of Liver Enzyme Monitoring,
Symptoms and Acute Liver Failureina
“Rapid Riser’ Treated with Troglitazone -1 -

ALT AST AlkP Thili

5Feb98 20 19 128
11Feb98 _ o Began troglit
7Aug9s 32 30 : 0.6

17Aug98 93 0.6  Some nausea
22Aug98 1670 1688 55  Jaundice, hosp
9Sep98 /:' : Enceph; intub
10Sep98 4 Liver tx
12Sep98 Death

Case 14

S
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Time-Course of Liver Enzyme Monitoring, -
Symptoms and Acute Liver Failureina =
“Rapid Riser” Treated with Troglitazone -2, -

14Dec97
9Feb98

21Mar98
Mar/Apr
22Apro8

30May98
19Jun98

ALT AST AlkP Thili
14
15
- 69
590 848 108 21
373 910 198 25

Began troglit

<1.5xULN

NIVIJ
Stopped troglit; N
Hosp -

Coag; enceph | = .k

Death

Case 18

Time-Course of Liver Enzyme Monitoring,
Symptoms and Acute Liver Failure in an
“Unknown Riser” Treated with Troglitazone -1

1DecS7
3Dec97
1Mar98
4Mar9s

25Mar98
15Apro8
18Apro8

ALT AST AP  Tbili
11
" 252 54 0.5

>1400

A

Began troglit
“Normal”
Anorexia

6xULN; stopped
troglit

Jaundice
Enceph; stage Il

Liver tx

Case 15

16



Time-Course of Liver Enzyme Monitoring,
Symptoms and Acute Liver Failure in an
“Unknown Riser” Treated with Troglitazone -2

ALT AST AlkP Thili

28Nov97 14 12 69 0.6  Begantrogiit
20Jan98 47 30 48 05

20Feb98 ’ : Skipped testing
20Mar98 3000 2940 167 11.2  Stopped troglit
7Apr98 Hepatic coma
13Apre8 Died )

Case 3

«

-~

S

Observations from Reported Cases of Acute Liver
Failure in which Some Liver Enzyme

. Monitoring Occurred N

< Restarting troglitazone after abnormal LFTs

» Time-lag between blood draw, test-results and communication
with patient

« * Fractionation of patent care -

+ Long prescriptions S .

+ Continuing after onset symptoms (n/v)

« Miscommunication and lack of physician follow-up

+ HJo prior transaminase elevations on lipid-lowering drugs

+ Baseline < 1.52xULN

- Continuing aftef mild elevation noted (2.1XULN)

- Unawareness by physicians (ER example)

s
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Summary From Review of Reported |
Acute Liver Failure Cases with
Troglitazone - 1

» For most, the time course of liver enzyme
changes is unknown (n=31).

* In 21% of all cases (75% of those with liver
enzyme data within a monthly interval) the
transition to irreversibility occurred within
the month (range 4 - 34 days).

e«

-’

Summary From Review of Reported
Acute Liver Failure Cases with
“Froglitazone - 2

+ The question is, for the 72% of cases with
unknown enzyme time course, does
irreversibility occur quickly? Even for the
3 cases where enzyme increases were not
rapid, we don’t know when they became
irreversible. -

-« The case wi,tr’if'irreversibility when the

ALT=252 highlights this issue.

(

S

\\ .'
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Comparison of Troglitazone
with Other Drugs

\
A

Reporting Rates to FDA of Serious Liver Injury”
~with Selected Oral Hypo_glycemic Agents ..

Reporting Rates per 10° Rx

Sulfonylureas Metformin Troglitazone

Fatal ,

Allyrs .05 . .25 6.80
1t3yrs. A4 © .26 6.80
Non-fatal : . :
Allyrs .04 .20 6.55

1t 3yrs 12 A7 6.55

E ,/
S
d
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RegistrationﬂRates for Liver Transplantation per 10°
Prescriptions of Selected Drugs , UNOS,
April 1994 - October 1998 .

No. Registered Rxs in LTx Registration Rate

Drug Group fo_rl___T_)S Millions per 10° Rxs (95% Cl)
Sulfonylureas 0 166.3 0 (0-18)
Metformin . 0 ; 40.0 0 (0-75)
Troglitazone 3 7.9 378 (78-1100)
NSAIDS 6 372.1 16 (6-35)
B.romfenac . 2 26 772 (94-2810)

HMG Co-A 1 206.1 . 5 (0.1-27)

Metformin and Lactic Acidosis -1

- -

+ 1980-1995

+ Saskatchewan, Canada

- "11,797 patients

+ 22,296 person-years .

» 10 persons with hosp dx “acidosis”
+ 6-éliminated on review '

» Authors included 2 in rate calculations because
of increased lactate levels

+ Rate of lagtic acidosis 9 per 100,000 pyrs (0-21)

. Authogs/noted presence of other factors that
could explain lactic acidosis

\\ :



Metformin and Lactic Acidosis - 2_'

Two patients included in rate calculations

#1 60 M w/20 yr h/o EtOHism and liver disease
Adm w/ sepsis and hepatic encephalopathy
Lab error; spurious lactate level

Adm  +2d 3
pH 7.25 7.53 7.50
Lactate 12 1.9

#8 83 F adm w/ necrotic bowel and sepsis; died
Blood lactate level 13.2 mmol/L

4

.,

Metformin and Lactic Acidosis -3

- .-

Two patients not included in rate calculation

#5 85F adm w/ sepsis and renal failure

#9 72 F adm w/probable puimonary edema,
hypoxemia, CHF )

9:20p - 11:30p 8:45a

pPH  6.92 7.28 7.37

&
Y
]
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Metformin and Lactic Acidosis - 4-

» Each of 4 patients with other conditions
accounting for anion-gap acidoisis

— Peripheral vasoconstriction
— Hypoperfusion
— Tissue hypoxia
— Renal failure
— Liver failure
— Sepsis
* No cases with isolated metformin-
induced lactic acidosis
* Rate: 0 per 10° pyrs (0-13.4)

-

Underreporting of Cases

\
A

\
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-
Barriers to Reporting -_
. N
- Diagnosis
*  Recognition and
attibution
* Registration -]
N
Underreporting of Adverse Drug Reactions
From the Literature ..
Country Drug Reaction Reporting Rate
UK Practolol Oculocutaneous syn << 2%
UK ~ NSAIDS Aplastic anemia 1% Co ' o
UK oC’s TE death in women 15% /
us Digitalis Hosp for toxicity 0.3% )
us Isoniazid Fatal hepatitis 10% -
us DTP : sIDS " 10-20%
us Rl survey . " Serious <<3%
us MD sury’e/y Medically serious < 8-13% .
-4‘.
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Attribution of Acute Liver Failure to Drug
Exposure From the Literature

Attribution Rate
26%

Fatal INH hepatitis

Idiopathic hospitalized 25%
hepatitis

[
1411

R

Background Rates for
.Drug-Induced Hepatitis and
Acute Liver Failure

24



Epidemialogic Studies Providing Population -
Estimates of Hospitalization for
Acute Drug-Associated Hepatitis

Person-

Country Source Years Years
Denmark Registry 198185 255 x 10°
u.s. Medicaid 1980-87 9.8 x 10°
us. HMO 1977-81 1.4 x10°
Canada SPDP 198286 047 x 10°
UK. . GPRD 1987-91 0.8 x 10°
u.s. HMO 1989  0.07 x 10°

Rate per 10°
Person Years

(95% CI)
20(1.8-22)
2.2(2.0-2.4)
0.9 (0.4 - 1.5)
3.9(2.3-6.1)

<2.2 (0.6 - 5.6)

0 (0-52)

i

rA ~

Epidemiologic Studies Providing Population-Based

Estimates of Acute Liver Failure

-

Country Source Years
US. °  Medicaid 1980-87
u.s. HMO 1977-81°
Canada ‘Saskatch 1982-86
U.K. GPRD 1987-91
UK. GPRD. 1990-9‘5

i
A

Person-
Years
9.8x10°

1.4 x10°

0.47 x 10°

0.26 x 10°
0.18 x 10°

12.11 x 10°

Rate per 10°
Person Years

(95% CI)
0.8(0.3-1.6)
0 (0-286)
0 (0-6.4)
0 (0-11.7)
0 (0.6 — 16.6)

0.6 (0.2-1.3)

\\ .
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U.S. Liver Transplant Rates in Adults, 1987-1995,

UNOS and U.S. Census Data

Cholestatic cirrhosis

Other cirrhosis

Acute hepatic necrosis
Viral
Drug /Toxin
Unspecified
Other

Metabolic

Malignancy

Benign neoplasm

‘Miscellaneous

Overall

Rate per 10° pyrs
2.24
7.00
0.66
0.34 (51.6%)
011  (16.7%)
021 (31.7%)
0.02 (3.3%)
0.43
0.45
0.06
0.17
11.04

-
—~

.,

&

Liver Transplant Rates by Year for Acute
Liver Failure i_n Adults, UNOS, 1987-1995

Rates per 10° pyrs

AHN Unspecified Drug/Toxin
1991 568 232 062
1992 644 317 107
1993 . 728 263 A57
1994 846 326 A15
1995 838 - 228 119
198795 7664 19 105

e
A
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Trends in Transplant of Adults for Acute Hepatic
Necrosis in the US, 1988-1996, UNOS

200

No. of Transplants

100 @

1988 1989 1990

1991 1992

993 1994 1995

1996

R

Diabetes and Acute Liver Failure
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Figure 4.5
Percent of Whites and Blacks with Diagnosed
Diabetes, by Age, U.S., 1990-92

Ly A

&-
20
m Whites mmBlacks
= 15}
=3
3 10t
g
k)
a Y B N B
All Ages 25-44 45-54 55-64 65-74 275 -
Age (Years) PO

Source: Unpublished analyses of the 1990-92 National Health Interview
Surveys .

Chap 4, Diabetes in America, 2™ ed, 1995

Percent of Whites and Blacks with
Diagnosed Digb_etes_, by Age, NHIS, 1990-92

White Black
25-44 15 2.0
45-54 | 3.6 : 6.5
55-64 75 . 13.0
65-74 1ofo 20.0

AN

\
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Percent of US Population with Diagnosed
Diabetes, by Age, 1991-93

<45 1.0%
45-64 5.9%

65-74 10.5%

National Health Information Survey
Chap 4, Diabetes in America, 2™ ed, 1995

Hq

-

Prevalence of Undiagnosed and Diagnosed Diabetes
and IGT in the U.S. Population, 1976-80

[ —

10 SICT

- U nchagnosed
35 NIDUM

- {iagnosed
30 NIDDM

Percent ol pupulition

[} . g .
2014 4551 55464 6574
Age (Years)

77
IG I upaired gldcose tolerance.

Ay
Source: Reterefice 2, 1976 80 Second Nationat Hewlth and Nutrtinn
Fxamination Suivey :

Chap 4, Diabetes in America, 2™ ed, 1995
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Data from United Network for Organ Sharing :
(UNOS) e T

&

* Data to be presented

- -

Modeling of Risk and Hazard
. Rates for Acute Liver Failure with
Troglitazone

W
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Methods Used to Estimate the Risk of Acute -
Liver Failure in Patients Treated with .
Troglitazone - 1 P

- Standard life-table analysis

» Used pattern of troglitazone use from
UHC database to estimate national
patterns of usage
« Calculated the rate of acute liver failure -

- for each separate month of drug usage - - |
(interval-specfic hazard rate) R EN

Methods Used to Estimate the Risk of Acute
Liver Failure in Patients Treated with
- Troglitazone - 2 e
« Calculated the cumulative risk of acute
- liver failure experienced by each
individual completing a given number of
months of troglitazone use

* Presented analyses adjusted for
underreporting of cases

&
i
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-

United HealthCare Research Databéées -

* National healthcare management company #

providing medical health insurance coverage to
> 13 million people, primarily through
Independent Practice Association model
networks )

» Research database covers 3.5 million people in
12 separate health plans located in 9 separate
states

»- Computerized data on prescription drugs;
outpatient and inpatient diagnoses and
procedures; laboratory tests (but not actual lab
results); other

Life-Table Analysis of Risk of Acute Liver Failure with
Troglitazone Based on Spontaneously Reported Cases from
an Estimated Population of 1.23 Million Users, 1997-1998

, Interval Specific L.
Months of =~ ““Hazard Rate Cumulative Risk
Use per 10° pyrs (1 per “X” Users)

1 56 209,158

2 40 121,886

3 46 - 82,237

4 106 . 47,129

5 162 . 28,566

6 185 19,700

7 54 18,076

8 94 . 15,788

9 _

10

11 7

12 i

13

14 96 13,977

15

16 185 11,451

32



Cumulative Risk of Acute Liver Failure in Patients
Treated with Troglitazone by Duration of Use,
Adjusting for Underreporting*

Level of Underreporting

Duration
of Use 25% 10% 5%
1 mos 52,290 20,916 10,458
3 mos 20,560 8,224 4,112
6 mos 4,925 1,970 985
12 mos 3,720 1,488 744 -
16 mos 2,863 1,145 573

*Risk shown as 1 per “X” troglitazone users

-

b

Population-Based Estimates of the
Rate of Acute Liver failure with
Troglitazone

-

\\ :
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Summary of Population Based Data on Risk

of Acute Liver Failure with Troglitazone
#

Cases Absolute Risk Incidence Rate
Study # Subjects >6mos Rx Personyrs AHF  per 10° persons  per 10° pyrs (95% Cl)

NDA 2510 45% 1426 0 0 0 (0-2584)

DPP 585 = 86% 580 1 1.7 1724 (44-9569)
REACH 2433 17%est 785 1 0.4 1274 (32-7077)

. &,

-

- et

Reporting Rates of Acute Liver
Failure with Troglitazone
Over Time

LS

N

I\
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Effect of Time on Reporting of Cases of -

Acute Liver Failure with Troglitazone -
#
Duration of
Report Lag (d) _ Use (d)
Period No. Started Median (Range) Median (Range
Mar — Nov 97 22 62 (6-197) 153 (22-478)
I?ec 97 — Jul 98 14 67 (9-126) 117 (4-225) _ _

B

Aug 98 — Jan 99 7 32 (14-36) 30 (17-62)

Examination of Reporting Rates

by Time Period .
No. Cases Reporting
Started in No. Pts. in Rate per 10°
" Period Interval - Interval Persons
Mar — Nov 97 22 459,800 4.78
Dec 97 -Jul98 14 593,038 2.36

&

/

Aug 98 — Jan 99 7 253,412 2.76




Report Date by Date of Diagnosis |

Ox Date

Otdecd7 -

23aug97 | o

&

YR

Study of Liver Enzyme Monitoring and
Severe Liver Injury in Patients Treated
“with Troglitzone from the United

- w—

HealthCare Database

~

~

W
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United HealthCare |
Research Database Sites ..

-
—
-

-

Criteria for Inclusion in the Troglitazone

Study Cohort of Liver Enzyme Monitoring - .

« Enroliment Date > 90 days prior to 1st
troglitazone prescription

. Diserirollment or end of study interval
occurring prior to anticipated testing time

//
rd
S

\\:\x :
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Size of Troglitazone Monitoring
Study Cohort, UHC

Ever received troglitazone 9,369
Total person-years 4,873
> 90 day prior enroliment 7,568

Included in enzyme
monitoring study 6,541

Timing Definitions and Outcome Measures
for Liver Enzyme Monitoring Among
Troglitazone Users in UHC

Baseline.. -30 to +7 days from 1% troglitazone Rx
Monthly + 7 days from 30 day anniversary date of 1R

Included tests Tests specifically inciuding ALT or AST
’ Multichannel tests (12-22)
Nonspecific Hospital Revenue Codes fcr
general and chemistry laboratory

Excluded tests I§,6iated tests for albumin, total or direct
bilirubin, LDH, alkaline phosphatase

AR

Vy

A\
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Troglitéione Labeling Regarding Liver

- - - ey
Enzyme Monitoring Over Time =
2.-
Mar-300c¢t97 No liver enzyme monitoring
recommendations

310ct97-30Nov97 Monitor liver enzymes within
first 1-2 mos of starting troglitazone;
then every 3 mos first year,;
then periodically

1Dec97-27Jul98 Monitor at baseline; monthly x 6;
every other month x3; -
then periodically

28Jul98-Present Monitor at baseline;
monthly x 8; every two months x 2;

then periodically

Overview of Study of Liver Enzyme Monitoring-

Mar 97

in Troglitazone Users within
the United HealthCare Database

25 0ct97 1 Dec97 . 30Jun98 1Aug98 31 Dec 98

Cohort 1 - Cohort 2 . Cohort 3
n = 2307 -n=2823 n=1411

.\.“\

1

W

39



Study Design for Measuring il
Occurrence of Liver Enzyme Monitoring | =9

Baseline Month 1 Month 2
-30d-+7d +/-7d +/-7d
! | T Last Rx.
-30d 1st Rx. 30d 60d -

Liver Enzyme Testing in the Period 30 Days Prior to
7 Days after the First Troglitazone Prescription, by
.Jime Period, UHC o N

% with Baseline Test

Cohort 1 245
(n=2307) :

Cohort 2 37.0°
(n=2823) , .
Cohort3 451

(n=1411) )/




Monthly Liver Enzyme Monitoring (+/-7d) by Time
Period Among Troglitazone Users, UHC

Month*
12 3 4 5 6
Cohort 1 5.5 7.0 741 4.3 31 7.4
Cohort 2 146 129 131 127 1341 9.6
Cohort 3 | 173 145 140 104 0

*Data Shown as Percentage of Eligible Subjects at Each Time Period

Monthly Liver Enzyme Monitoring (+ 14d) by Time
_Period Among Troglitazone Users, UHC

~

Month*
1 2 3 4 5 6
Cohort 1 91 116 '10.{3 97 75 126
Cohort 2 | 229 213 21T 19.8 21.2 146
Cohort 3

264 252 233 187 0
P

*Data Shown as Percentage of Eligible Subjects at Each Time Period

~

S
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Sequential Liver Enzyme Monitoring Among -
Troglitazone Users, by Time Period, UHC =
-
Total Months of Troglitazone Use*
1 2 3 4 5 6
Cohort1 105 28 0 0 0 0
Cohort2 20.0 8.2 0 0 0 0 3
Cohort3 223 104 O O 0 0 . = fa
*Data Shown as Percent of Eligible Subjects
Concomitant Anti-Diabetic Drug Use Among _
Troglitazone Users in UHC, No Enroliment Criteria,
: - e - N=9369 , o

Troglitazone Use and:
Troglit Insulin SU Met Acarbose Other

Troglit  12.3% 4
Insulin 27.7% 7.7% 45% 0.4%

su g 23.5% 13.9% 0.7%

Met S 0.05%
Acarbose s 0.2%

Other | 5.2%




Trends in Concomitant Anti-Diabetic Drug Use
Among Troglitazone Users in UHC, No Enrollment

Criteria, n = 9369

Cohort 1
(n = 2585)

Cohort 2
(n = 3688)

Cohort 3
(n = 1875)

Troglitazone
Monotherapy

1.7%
11.6%

19.5%

-

. %,

2-

Summary of Possible Cases of Severe Liver Injury
in Patients Treated with Troglitzone, UHC*

Possible Acute Liver Failure

4 M Liver transplant

85 M- Hepatic coma; undetermined outcome

62 F Acute hepatic necrosis; undetermined
outcome

Possible Hospitalized Drug-Induced Hepatitis

a7 M Increased transaminases

44 F /Drug-indué;ed hepatitis; liver biopsy
67F {,':1{/;!aundice

55 M ‘ Jaundice; acute renal failure; CHF

*Medical record review pending

LY

S
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Potential Incidence Rates of Severe Liver Injury in  _,

Troglitazone Users, UHC =
Incidence Rate PR
n  per 10° pyrs (95% Cl)
Possible Acute Liver Failure 3 616 (127-1798)
2 410 (50-1482)
Possible Hepatitis 4 821 (224-2100)
3 616 (127-1798) -
Total 7 1437 (578-2957) T

5 1026 (333-2393)

A
- g

Conclusions and Public Health AL
Implications '

Will be discussed

‘\\}
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PDR® entry for
Rezulin Tablets ( PARKE-DAVIS)

-

L

WARNINGS

Hepatic

Rare cases of severe idiosyncrat‘ic hepatocellular injury have been reported during marketed use (see
ADVERSE REACTIONS). The hepatic injury is usually reversible, but very rare cases of hepatic failure,
leading to death or liver transplant, have been reported. Injury has occurred after both short- and long-term

troglitazone treatment. i

During all clinical studies in North' America, a total of 48 of 2510 (1.9%) Rezulin-treated patients aad 3 of
475 (0.6%) placebo-treated patients had ALT levels greater than 3 times the upper limit of normal. Twenty
" of the Rezulin-treated and one of the placebo-treated patients were withdrawn from treatment. Two of the
20 Rezulin-treated patients developed reversible jaundice; one of these patients had a liver biopsy which
was consistent with an idiosyncratic drug reaction. An additional Rezulin-treated patient had a liver biopsy
which was also consistent with an idiosyncratic drug reaction. (See ADVERSE REACTIONS, Laboratory

Abnormalities).

It is recommended that serum transaminase levels be checked at the start of therapy, monthly for the first
six months of therapy, every two months for the remainder of the first year of troglitazone therapy, and
periodically thereafter. Liver function tests also should be obtained for patients at the first symptoms
suggestive of hepatic dysfunction, eg, nausea, vomiting, abdominal pain, fatigue, anorexia, dark urine.
Rezulin therapy should not be initiated if the patient exhibits clinical or laboratory evidence of active liver
disease (eg, ALT>3 times the upper limit of normal) and should be discontinued if thepatient has jaundice
or laboratory measurements suggest liver injury (eg, ALT>3 times the upper limit of normal).

AR

C -

DESCRIPTION

Rezulin® (troglitazone) is an oral antihyperglycemic agent which acts primarily by decreasing insulin , -
resistance. Rezulin is used in the management of type II diabetes (noninsulin-dependent diabetes mellitis
(NIDDM) also known as adult-onset diabetes). It improves sensitivity to insulin in muscle and adipose
tissue and inhibits hepatic gluconeogenesis. Troglitazone (x-5-[{4-[(3,4-dihydro-6-hydroxy-2,5,7,8-
tetramethyl-2H- 1-benzopyran-2-yl)methoxy]phenyl}methyl]-2,4-thiazolidinedione) is not chemically or
functionally related to either the sulfonyhireas, the biguanides, or the (alpha)-glucosidase inhibitors. The
molecule contains 2 chiral centers, wit | each of the 4 stereoisomers having similar pharmacologic effects.

The structural formula is as shown: *
>

<Picture> -

qe
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Troglitazone is a white to yellowish crystalline compound; it may have a faint, characteristic odor.
Troglitazone has a molecular formula of C24H27NO8S and a molecular weight of 441.55 daltons. It is
soluble in N,N-dimethylformamide or acetone; sparingly soluble in ethyl acetate; slightly soluble in
acetonitrite, anhydrous ethanol, or ether; and practically insoluble in water.

Rezulin is available as 200, 300 and 400 mg tablets for oral administration formulated with the following
excipients: croscarmellose sodium, hydroxypropyl methylcellulose, magnesium stearate, microcrystalline
cellulose, polyethylene glycol 400, polysorbate 80. povidone, purified water, silicon dionide, ti;g?ium )

dioxide, and synthetic iron oxides. N
z. : ~

et

CLINICAL PHARMACOLOGY

Mechanism of Action

Troglitazone is a thiazolidinedione antidiabetic agent that lowers blood glucose by improving target cell
response to insulin. It has a unique mechanism of action that is dependent on the presence of insulin for
activity. Troglitazone decreases hepatic glucose output and increases insulin-dependent glucose disposal in
skeletal muscle. Its mechanism of action is thought to involve binding to nuclear receptors (PPAR)that
regulate the transcription of a number of insulin responsive genes critical for the control of glucose and
lipid metabolism. Unlike sulfonylureas, troglitazone is not an insulin secretagogue.

In animal models of diabetes, troglitazone reduces the hyperglycemia, hyperinsulinemia, and
hypertriglyceridemia characteristic of insulin-resistant states such as type [1 diabetes. Plasma lactate and
ketone body formation are also decreased. The metabolic changes produced by troglitazone result from the
increased responsiveness of insulin-dependent tissues and are observed in numerous animal models of
insulin resistance. Treatment with troglitazone did not affect pancreatic weight, islet number or glucagon
content, but did increase regranulation of the pancreatic beta cells in rodent models of insulin resistance.

Since troglitazone enhances the effects of circulating insulin (by decreasing insulin resistance), it does not
lower blood glucose in animal modeis that lack endogenous insulin.

Pharmacokinetics and Drug Metabolism .

~

Maximum plasma concentration (Cmax) and the area under plasma concentratidn-ti?ne curve (AUC) of
troglitazone increase proportionally with increasing doses over the dose range of 200 to 600 mg/day (Table

1). Following daily drug administration, steady-state plasma concentrations of troglitazone are reached
within 3 to 5 days.

W

TABLE 1. Mean (x1 SD) Steady—State Pharmacokinetics of Trogli{azone in 21 Normal Volunteers

Dose Cmax AUC (0-24) CL/F * (mg/day) (1g/mL) (pg-hr/mL) (mL/min)

200 0.90 (0.36) 7.4 (2.4) 500 (187) 490 1,61 (0.69) 13.4 (5.5) 601 (324) 600 2.82 (1.03) 22.1 (6.8) 496
(166) /

*CL/F = Abparem oral clearance. *

1.
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Absorption: Troglitazone is absorbed rapidly following oral administration: the time for maximum plasma
concentration (tmax) occurs within 2 to 3 hours. Food increases the extent of absorption by 30% to 85%:
thus Rezulin should be taken with a meal to enhance systemic drug availability.

Distribution: Mean apparent volume of distribution (V/F) of 'troglitazone following multiple-dose
administration ranges from 10.5 to 26.5 L/kg of body weight. Troglitazone is extensively bound(>99%) to
serum albumin. [14C]troglitazone partitions into red blood cells (~5% of whole blood radioact-inity).

Metabolism: In 6 healthy male volunteers given a single 400 mg dose of [14C]troghtazoge after 14 days
of treatment with 400 mg troglitazone tablets, the major metabolites found in the plasma were the suifate
conjugate (Metabolite 1), followed by the quinone metabolite (Metabolite 3). Only 3.1% of the dose was
detected in the urine; this was primarily in the form of glucuronide conjugate (Metabolite 2), which is
present in negligible amounts in the plasma. In both normal volunteers and patients with type I diabetes,
steady-state levels of Metabolite 1 are 6 to 7 times that of troglitazone and Metabolite 3.

Troglitazone incubated with expressed human P450 1A1, 1A2, 2A6, 2B6, 2D6, 2E1, and 3A4 in the
presence and absence of known inhibitors of these enzymes showed no Metabolite 3 formation above levels
in control samples. Studies in human microsomes suggest that Metabolite 3 is not subject to further
metabolism by the major P450 isozymes. Troglitazone did not inhibit any of the major P450 enzymes at
clinically relevent-concentrations. The inhibitory characteristics of Metabolite 3 have not beeninvestigated

directly. : Y

The results of human in vivo drug interaction trials suggest that troglitazone induces cytochrome P450 3A4
at clinically relevent doses (see Drug Interactions).

Excretion: Following oral administration of [ 14C]troglitazone, approximately 88% of the radioactivity is
recovered in feces (85%) and urine (3%). Unchanged troglitazone is not recovered in urine following oral
administration. Mean plasma elimination half-life of troglitazone ranges from 16 to 34 hours.

Special Populations

Renal Insufficiency: In patients with various degrees of renal function, the apparent clearance of total and
unbound troglitazone and the plasma elimination half-life of troglitazone, Metabolite 1, and Metabolite 3
do not correlate with creatinine clearance. Thus, dose adjustment in patients with renal dysfunction is not
necessary (see DOSAGE AND ADMINISTRATION).

Hepatic Insufficiency: Troglitazone, Metabolite 1, and Metabolite 3 plasma concentrations in patients
with chronic liver disease (Childs-Pugh Grade B or C) were increased by approximately 30%, 400% and
100%, respectively, compared to those in healthy subjects without hepatic dysfunction. There was no
change in plasma protein binding. No adverse events were noted in any group that were attributed to drug.
However, Rezulin therapy should not be initiated if the patient exhibits clinical or laboratory evidence of
active liver disease (eg, ALT>3 times the upper limit of normal); see WARNINGS).

Geriatrics: Steady-state pharmacokinetics of troglitazone, Metabolite 1, and Metabolite 3 in healthy
elderly subjects are comparable to those seen in young adults.

Pediatrics: Pharmacokinetic data in the pediatﬁc pgpulatior; are not availai)le.

Gender: Plasma concentrations of tg)fjifazone and its metabolites are similar in men and women.
Ethnicity: Pharmacokinetics of troglitazone and its metabolites are similar among various ethniggroups.
Pharmacodynamics and Clinical Effects

Clinical studies demonstrate that Rezulin improves insulin sensitivity in insulin-resistant patie‘nts. Rezulin
increases insulin-dependent glucose disposal, reduces hepatic gluconeogenesis, and enhances cellular



responsiveness to insulin and thus, improves dysfunctional glucose homeostasis. In patients with type II
diabetes, the decreased insulin resistance produced by Rezulin causes decreases in serum glucose, plasma
insulin, and hemoglobin A1C. Unlike sulfonylureas, Rezulin does not stimulate insulin secretion. Addition
of Rezulin to a sulfonylurea has a synergistic effect since both agents act to improve glucose tolerance by
different but complementary mechanisms. These effects occur without weight loss and persist for 52 weeks
of Rezulin treatment. . -

A T
In clinical trials of Rezulin as monotherapy or in combination, an increase in LDL (up to 13%¥HDL (up to
16%), and total cholesterol (total-C) (up to 5%) occurred while total-C/HDL and LDL/HD[( ratios did ngs
change. The increase in total cholesterol is due to the increase in HDL and LDL cholesterol. Despite the ’
observed increase in total and LDL cholesterol, ApoB fraction levels are not increased. Patients treated
with Rezulin as monotherapy or in combination with other agents exhibited a reduction in fasting (-13% to
-26%) and postprandial triglyceride levels. For patients on Rezulin and insulin, reduction in insulin doses
may occur following Rezulin therapy and some attenuation of the triglyceride reduction may occur.

Pharmacokinetic estimators of systemic troglitazone exposure do not improve the prediction of
pharmacodynamic response beyond that obtained based upon knowledge of the administered dose.

Rezulin has only been shown to exert its antihyperglycemic effect in the presence of insulin. Bet-:ausej
Rezulin does not stimulate insulin secretion, hypoglycemia in patients treated with Rezulin alore is not to
be expected. Because of this insulin-dependent mechanism of action, Rezulin should not be ysed in gatients

with type I diabetes.

Clinical Studies
Combination With Sulfonylureas

A 52-week, double-blind, placebo-controlled study of Rezulin and 12 mg micronized glyburide, alone and
in combination, was conducted in patients with type 11 diabetes (N=552), who had failed to achieve
adequate glycemic control (FSG of 224 mg/dL and HbA 1C of 9.6%) while on maximal doses of a
sulfonylurea. Patients randomized to receive micronized glyburide showed mean increases in FSG and

HbAIC. , e , s

-

TABLE 2. Combination Therapy With Glyburide: Mean Difference From 12 mg Micronized Glyburide

Monotherapy (1 yr) ) o8

200mg 400mg 600mg Rezulin+ Rezulin+ Rezulin + Glyburide Glyburide

Glyburide -

l/

FSG (mg/dL) Mean Baseline 226 2'31 220  Adjusted Mean Change From Baseline -31 -38 -56
Adjusted Mean Difference -54 ** -61 ** -79 **  From Glyburide HbA1C(%) Mean Baseline 9.5

9.7 7 9.5 Adjusted Mean Change From Baseline -0.7 -0.9 -1.8 Adjusted Mean Difference He**-
1.8 ** -2.7 **  Fro= Glyburide Insulin (WU/mL) Mean Baseline 28.2 24.9 264  Adjusted Mean

Change From Baseline -3.8 -5.9 -6.1 Adjusted Mean Difference -2.4 -44* -46* From.

Glyburide *p <0.05 compared to continuation of glyburide monotherapy. **p <0.0001 compared to

continuation of glyburide monotherapy.

(X}



TABLE 3. Combination Therapy With Glyburide:
Percent of Patients Achieving Glycemic Control At End

of Study (1 yr) . e
T
Rezulin (mg) 0 200 400 600 Glyburide(mg) 12 12 12 12 - -
¢ -~

HbA1C (%) </=7% 122 21 41 </=8% 10 33 33 60

A combination of 200, 400, or 600 mg of Rezulin with micronized glyburide achieved lower leveis of
fasting plasma glucose and HbA1C levels than either agent achieved alone (see Tables 2 and 3). These
improvements in glycemic control were associated with mean weight gains of 5.8 to 13.1 pounds. To
eliminate weight as a confounding factor in this study, patients had been instructed to follow a diet to

maintain current weight.

Combination With Insulin -

Two clinical studies were conducted to evaluate the effects of Rezulin on glycemic control ané insulin dose

s

in patients with type 11 diabetes who were being treated with insulin. Y

In one 6-month, double-blind, placebo-controlled study in insulin-treated type 11 diabetic patients receiving
a mean of 73 (range 27-143) units/day of insulin with a mean baseline HbA 1C of 9.42 (range 7.04-12.48),
Rezulin (200 or 600 mg/day) or placebo was added to the insulin therapy. Investigators were instructed to
reduce the insulin doses only if two consecutive FSGs were </=100 mg/dL. Rezulin-treated patients
showed a significant (p<0.0001) reduction in HbA 1C compared with patients who received placebo (see

Table 4).

Thirty percent of patients treated with 200 mg Rezulin and 57% of patients treated with 600 mg Rezulin
had an' HbA 1C value below 8% at the end of the study compared with 11% of placebo-treated patients.
Accompanying this improvement in glycemic control was a significant (p<0.0001) decrease in exogenous
insulin dosage of 15% in the 200 mg Rezulin treatment group and 42% in the 600 mg Rezulin treatment
group compared with 1% in the placebo group. HbA1C values and insulin dose as a function of duration of
Rezulin treatment are presented in Figures 1 and 2.

“
- e— ~

TABLE 4. Combination Therapy with Insulin: Mean Change From Baseline at 6 Months

Troglitazones

-

Parameter Placebo 200 mg 600 mg

N 118 116 116 HbA1c(%) Mean Baseline (SE) 9.43 (0.10) 9.51 (0.10) 9.32 (0.11) Mean Change From
Baseline (SE)1 -0.12 (0.10) -0.84 (0.10) -1.41 (0.10) Adjusted Mean Difference From Placebo (SE) -- -
0.72 (0.14) * -1.29 (0.14) * Percent Mean Change From Baseline -1.3 -8.8 -15.1 Insulin daily dosage
(units) Mean Baseline (SE) 75 (3.3) 73 (3.4) 71 (2:9) Mean Change From Baseline (SE) 1 (2.1) -11 (2.1)
-29 (2.2) Adjusted Mean Difference tom Placebo (SE) -- -12 (3.0) * -30 (3.0) * Percent Mean Change
From Baseline 1 -15 -42 * p </=0.0001 1Least squares mean adjusted for investigator center and baseline

. . *
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A second 6-month, double-blind, placebo-controlled study in insulin-treated type II diabetics who
previously were poorly controlled on oral agents receiving 30 to 150 units insulin/day assessed the use of
Rezulin in reducing exogenous insulin dosage while i lmprovmg glycemic control as measured by capillary
blood glucose.

Patients treated with 200 mg (N=75) and 400 mg (N=76). Rezulin had their insulin doses decreased by 41%
and 58%, respectively, compared to a reduction of insulin dose in the placebo group (N=71) of<l4% while
maintaining or improving glycemic control. Forty-one percent of the patients in the 400 ;g gfoup
decreased their insulin injection frequency an average from 3 to 1 injections per day; 19%é)f patients ~
receiving placebo decreased their injection frequency an average from 3 to 2 injections per day. Insulin
therapy was discontinued in 15% of patients in the 400 mg Rezulin group compared to 7% in the 200 mg
group and 1.5% in the placebo group.

A greater than 50% reduction in insulin was achieved by 51% of patients on 200 mg and 70% on 400 mg
once daily as compared to 17% on placebo.

Monotherapy

Three clinical trials, including 2 placebo-controlled studies with durations from 12 to 26 weeks have been
conducted to study the use of Rezulin as monotherapy. These studies have examined Rezulin doses from
100 to 600 mg/day in approximately 1500 patients. The patients studied have included patients preg}ously
treated with a sulfonylurea who were studied following prior therapy wash out (N= 1265) and patients
previously treated with diet only (N=230). In patients previously treated with a sulfonylurea, Rezulin
treatment did not result in an improvement in glycemic control beyond that seen with the patients' prior
therapy, although glucose lowering was significantly better than that seen with placebo treatment. For
patients previously treated with diet, Rezulin doses of 200 mg, 400 mg and 600 mg/day were associated
with improved FSG compared to placebo. However, only the 600 mg/day dose resulted in a difference
compared with placebo that was statistically significant in both studies (see Table 5). At 600 mg per day,
58% of patients previously treated with diet in the 12-week study and 47% of patients previously treated
with diet in the 26-week study (versus placebo values of 28% and 21%, respectively) had a response to
Rezulin of >/= 30 mg/dL reduction from baseline in fasting serum glucose.

TABLE 5. Glycemic Parameters in Diet-Failure Patients

- -

12 Week Study

Placebo 200 400 600

N 192320983 FSG (mg/dL) Mean Baseline 168 169 181 196 Adjusted Mean
Change From
Baseline 14 -14 -20 -38 AdJusted Mean . i
Difference From - ‘
Placebo -31* -37* -55* HbA]c(%) Mean Baseline § 8.2 8.6 8.6 Adjusted Mean
Change From . : :
Baseline -0.1 -0.6 -0.6 -0.8 AdJusted Mean
Difference From
Placebo -0.5 -0.6 -0.7 * 26 Week Stu{fy

Placebo 200 400 600 *

N 18 18 19 15 FSG (mg/dL) Mean Baseline 202 191 201 201 Adjusted Mean

Change From -
Baseline -6 -24 -17 -48 Adjusted Mean :
Difference From

‘\- \ :



Placebo -18 -10 -42* HbA1¢c(%) Mean Baseline 8.7 8.3 8.5 8.6 Adjusted Mean
Change From

Baseline 0.4 -0.2 0.3 -1 Adjusted Mean

Difference From

Placebo -0.6-0.1 -1.4 *

- -
*p<0.05 -
.,

INDICATIONS AND USAGE

Rezulin may be used concomitantly with a sulfonylurea or insulin to improve glycemic control. Rezulin, as
monotherapy, is indicated as an adjunct to diet'and exercise to lower blood glucose in patients with type I1
diabetes (see DOSAGE AND ADMINISTRATION). Rezulin should not be used as monotherapy in
patients previously well-controlled on sulfonylurea therapy. For patients inadequately controlled w1th a
sulfonylurea alone, Rezulin should be added to, not substituted for, the sulfonylurea.

Management of type II diabetes should include diet control. Caloric restriction, weight loss, and exfruse
are essential for the proper treatment of the diabetic patient. This is important not only in the primary
treatment of type Il diabetes, but in maintaining the efficacy of drug therapy. Prior to initiation of Rezulin
therapy, secondary causes of poor glycemic control, eg, infection of poor injection technique, should be
investigated and treated.

CONTRAINDICATIONS

Rezulin is contraindicated in patients with known hypersensitivity or allergy to Rezulin or any of its
components. : .

WARNINGS

-

SEE BOXED WARNING.

PRECAUTIONS

General 4

Because of its mechanism of action, Rezulin is active only in the presence of insulin. Therefore, ﬁezulin
should not be used in type I diabetes or for the treatment of diabetic keto-acidosis.

Hypoglycemia: Patients receiving Rezulin in combination with insulin or oral hypoglycemic‘ agents may
be at risk for hypoglycemia and a reduction in the dose of concomitant agent may be necessary.

g

W



Hypoglycemia has not been observed during the administration of Rezulin as monotherapy and would not
be expected based on the mechanism of action. ’

Ovulation: In premenopausal anovulatory patients with insulin resistance, Rezulin treatment may result in
resumption of ovulation. These patients may be at risk for pregnancy. :

. -
Hematologic: Across all clinical studies, hemoglobin declined by 3 to 4% in troglitazone-treategd patients
compared with 1 to 2% in those treated with placebo. White blood cell counts also declined sH&htly in
troglitazone-treated patients compared to those treated with placebo. These changes occurr d within the 4
first four to eight weeks of therapy. Levels stabilized and remained unchanged for up to two years of
continuing therapy. These changes may be due to the dilutional effects of increased plasma volume and
have not been associated with any significant hematologic clinical effects (see ADVERSE REACTIONS,

Laboratory Abnormalities).
Use in Patients With Heart Failure

Heart enlargement without microscopic changes has been observed in rodents at exposures of parent
compound and active metabolite exceeding 7 times the AUC of the 400 mg human dose (see _
PRECAUTIONS, Carcinogenesis, Mutagenesis, Impairment of Fertility, and Animal Toxicology). Sérial
echocardiographic-evaluations in monkeys treated chronically at exposures at 4-9 times the human
exposure to parent compound and active metabolite at the 400 mg dose did not reveal changes in h_e.fft size
or function. In a 2-year echocardiographic clinical study using 600 to 800 mg/day of Rezulin in patiénts
with type 11 diabetes, no increase in left ventricular mass or decrease in cardiac output was observed. The
methodology employed was able to detect a change of about 10% or more in left ventricular mass.

In animal studies, troglitazone treatment was associated with increases of 6% to 15% in plasma volume. In
a study of 24 normal volunteers, an increase in plasma volume of 6% to 8% compared to placebo was
observed following 6 weeks of troglitazone treatment.

No increased incidence of adverse events potentially related to volume expansion (eg, congestive heart
failure) have been observed during controlled clinical trials. However, patients with New York Heart
Association (NYHA) Class Il and IV cardiac status were not studied during clinical trials. Therefore,
Rezulin is not indicated unless the expected benefit is believed to outweigh the potentia! risk to patients

with NYHA Class 111 or IV cardiac status. . -

Information for Patients . ] ) ..

Rezulin should be taken with meals. If the dose is missed at the usual meal, it may be taken at the next
meal. If the dose is missed on one day, the dose should not be doubled the following day.

It is importan#to adhere to diétary instructions and to regularly have blood glucose and glycosylated - ' -~
hemoglobin tested. During periods of stress such as fever, trauma, infection, or surgery, insulin
requirements may change and patients should seek the advice of their physician. o

Patients who develop nausea, vomiting, abdominal pain, fatigue, anorexia, dark urine or other symptoms R
suggestive of hepatic dysfunction or jaundice should immediately report these signs or symptoms to their

physician. -

When using combination therapy with }‘ﬁéulin or oral hypoglycemic agents, the risks of hypoglycemia, its
symptoms and treatment, and conditiéns that predispose to its development should be explained to patients
and their family members. »

Use of Rezulin can « ause resumption of ovulation in women taking oral contraceptives and in patients with
polycystic ovary disease. Therefore, a higher dose of an oral contraceptive or an alternative method of
contraception should be considered. : =



Rezulin may affect other medications used in diabetic patients. Patients started on Rezulin should ask their
physician to review their other medications to make sure that they are not affected by Rezulin.

Drug Interactions . -

T
Oral Contraceptives: Administration of Rezulin with an oral contraceptive containing ethinyt.estradiol and

norethindrone reduced the plasma concentrations of both by approximately 30%, which CQ;-lld result in Joss
of contraception. Therefore, a higher dose of oral contraceptive or an alternative method of contraception

should be considered.

Terfenadine: Coadministration of Rezulin with terfenadine decreases the plzisma concentration of both
terfenadine and its active metabolite by 50-70% and may result in decreased efficacy of terfenadine.

Cholestyramine: Concomitant administration of cholestyramine with Rezulin reduces the absorption of
troglitazone by 70%; thus, coadministration of cholestyramine and Rezulin is not recommended.

Glyburide: Coadministration of Rezulin and glyburide does not appear to alter troglitazone or glybiride

pharmacokinetics: ‘ - -
Digoxin: Coadministration of Rezulin with digoxin does not alter the steady-state pharrhaézkiﬁéi:ﬁ':‘s of
digoxin.

Warfarin: Rezulin has no clinically significant effect on prothrombin time when administered to patients
receiving chronic warfarin therapy.

Acetaminophen: Coadministration of acetaminophen and Rezulin does not alter the pharmacokinetics of
either drug.

Metformin: No information is available on the use of Rezulin with metformin.

Ethanol: A single administration of a moderate amount of alcohol did not increase the risk of acute
hypoglycemia in Rezulin-treated patients with type 1I diabetes mellitus. .

The above interactions with terfenadine and oral contraceptives suggest that troglitazone may induce drug
metabolism by CYP3A4. Studies have not been performed with other drugs metabelized by this enzyme
such as: astemizole, calcium channel blockers, cisapride, corticosteroids, cyclosporine, HMG-CoA
reductase inhibitors, tacrolimus, triazolam, and trimetrexate. The possibility of altered safety and efficacy
should be considered when Rezulin is used concomitantly with these drugs.

Patients stable on one or more of these agents when Rezulin is started should be closely monitored and
their therapy adjusted as necessary. ) e

1

Carcinogenesis, Mutagenesis, Impairment of Fertility

Troglitazone was administered daily for 104 weeks to male Trats at 100, 400, or 800 mg/kg and to female
rats at 25. 50, or 200 mg/kg. No tumors.of any type were increased at the low and mid doses. Plasma drug
exposure based on AUC of parent cq,gifbound and total metabolites at the low and mid doses was up to 24-
fold higher than human exposure at400 mg daily. The highest dose in each sex exceeded the maximum
tolerated dose. In a 104-week study in mice given 50, 400, or 800 mg/kg, incidence of hemangiosarcoma
was increased in females at 400 mg/kg and in both sexes at 800 mg/kg; incidence of hepatocellufér
carcinoma was increased in females at 800 mg/kg. The lowest dose associated with increased tumor
incidence (400 mg/kg) was associated with AUC values of parent compound and total metabolites that
were at least 2-fold higher than the human exposures at 400 mg daily. No tumors of any type were

I
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increased in mice at 50 mg/kg at exposures up to 40% of that in humans at 400 mg daily, based on AUC of
parent compound and total metabolites. ;

Troglitazone was neither mutagenic in bacteria nor clastogenic in bone marrow of mice. Equivocal
increases in chromosome aberrations were observed in an in vitro Chinese hamster lung-cell assay. In
mouse lymphoma cell gene mutations assays, results were equivocal when conducted with a microtiter
technique and negative was an agar plate technique. A liver unscheduled DNA synthesis assay_ig rats was

negative. .=,

- - o
No adverse effects on fertility or reproduction were observed in male or female rats given &0, 200, or 1000
mg/kg daily prior to and throughout mating and gestation. AUC of parent compound at these doses was
estimated to be 3- to 9-fold higher than the human exposure.

Animal Toxicology

Increased heart weights without microscopic changes were observed in mice and rats treated for up to 1
year at exposure (AUC) of parent and active metabolite exceeding 7 times the human AUC at 400 mg/day.
These heart weight increases were reversible in 2- and 13-week studies, were prevented by .
coadministration of an ACE inhibitor, and 14 days of troglitazone administration to rats did nof affect left
ventricular performance. In the lifetime carcinogenicity studies, microscopic changes were noted in the
hearts of rats but not mice. In control and treated rats, microscopic changes included myocardial .~
inflammation and fibrosis and karyomegaly of atrial myocytes. The incidence of these chianges'in drug-
treated rats was increased compared to controls at twice the AUC of the 400 mg human dose.

Pregnancy

Pregnancy Category B. Troglitazone was not teratogenic in rats given up to 2000 mg/kg or rabbits given up
to 1000 mg/kg during organogenesis. Compared to human exposure of 400-mg daily, estimated exposures
in rats (parent compound) and rabbits (parent compound and active metabolite) based on AUC at these
doses were up to 9-fold and 3-fold higher, respectively. Body weights of fetuses and offspring of rats given
2000 mg/kg during gestation were decreased. Delayed postnatal development, attributed to decreased body
weight, was observed in offspring of rats given 40, 200, or 1000 mg/kg during late gestation and lactation
periods; no effects were observed in offspring of rats given 10 or 20 mg/kg.

There are no adequate and well-controlled studies in pregnant women. Rezulin should not be used during
pregnancy unless the potential benefit justifies the potential risk to the fetus. .

Because current information strongly suggests that abnormal blood glucose levels during pregnancy are
associated with a higher incidence of congenital anomalies as well as increased neonatal morbidity and
mortality, most experts recommend that insulin be used during pregnancy to maintain blood glucose levels
as close to nermal as.possible. o

Nursing Mothers - L

It is not known whether troglitazone is secreted in human milk. Troglitazone is secreted in the milk of
lactating rats. Because many drugs are excreted in human milk, Rezulin should nct be administered to a

breast-feeding woman.

Pediatric Use /

Safety and effectiveness in pediatric patients have not been established.

Geriatric Use

Twenty-two percent of patients in clinical trials of Rezulin were 65 and over. No differencesTh
effectiveness and safety were observed between these patients and younger patients.

\\ :



ADVERSE REACTIONS ) . e

-
Two patients in the clinical studies developed reversible jaundice; one of these patients had a Wver biopsy
which was consistent with an idiosyncratic drug reaction. An additional patient had a liver iopsy which 4
was also consistent with an idiosyncratic drug reaction. Symptoms that are associated with epatic -
dysfunction or hepatitis have been reported, including: nausea, vomiting, abdominal pain, fatigue,
anorexia, dark urine, abnormal liver function tests (including increased ALT, AST, LDH, alkaline
phosphatase, bilirubin). Also see WARNINGS.

The overall incidence and types of adverse reactions reported in placebo-controlled clinical trials for
Rezulin-treated patients and placebo-treated patients are shown in Table 6. In patients treated with Rezulin
in glyburide-controlled studies (N=550) or uncontrolled studies (N=510), the safety profile of Rezulin
appeared similar to that displayed in Table 6. The incidence of withdrawals during clinical trials was
similar for patients treated with placebo or Rezulin (4%). -

TABLE 6. North American Placebo-Controlled Clinical Studies: Adverse Events Reported at a Frequency
>/= 5% of Rezulin-Treated Patients % of Patients

Placebo Rezulin Placebo Rezulin N =492 N = 1450 N =492 N = 1450

Infection 22 18 Nausea 4 6 Headache 11 11 Rhinitis 7 5 Pain 14 10 Diarrhea 6 5 Accidental Injury 6 8
Urinary Tract Infection 6 5 Asthenia 5 6 Peripheral Edema 5 5 Dizziness 5 6 Pharyngitis 4 5 Back Pain
46 . .

Types of adverse events seen when Rezulin was used concomitantly with insulin (N=543) were similar to
those during Rezulin monotherapy (N=1731), although hypoglycemia occurred on insulin combination
therapy (see PRECAUTIONS).

Laboratory Abnormalities

. - . )
Hematologic: Small decreases in hemoglobin, hematocrit, and neutrophil counts (within the normal range)

were moré common in Rezulin-treated than placebo-treated patients and may be related to increased plasma’
volume observed with Rezulin treatment. Hemoglobin decreases to below the normal range occurred in 5%
of Rezulin-treated and 4% of placebo-treated patients.

Lipids: Small changes in serum lipids have been observed (see CLINICAL PHARMACOLOGY,
Pharmacodynamics and Clinical Effects), - -

. e
Serum Transaminase Levels: During all clinical studies in North America, a total of 48 of 2510 (1.9%)
Rezulin-treated patients and 3 of 475 (0.6%) placebo-treated patients had ALT levels greater than 3 times
the upper limit of normal. During controlled clinical trials, 2.2% of Rezulin-treated patients had rversible
elevations in AST or ALT greater than 3 times the upper limit of normal, compared with 0.6% .f patients
receiving placebo. Hyperbilirubinemia (>1.25 upper limit of normal) was found in 0.7% of Rezulia-treated
patients compared with 1.7% of patients receiving placebo. In the population of patients treatéd with

-
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Rezulin, mean and median values for bilirubin, AST, ALT, alkaline phosphatase, and GGT were decreased
at the final visit compared with baseline, while values for LDH were increased slightly (see WARNINGS).

Postintroduction Reports

Adverse events associated with Rezulin that have been reported since market introduction, that dre not
listed above, and for which causal relationship to drug has not been established include the following:
congestive heart failure, weight gain, edema, fever, abnormal lab tests including increased CPR-and
creatinine, hyperglycemia, syncope, anemia, malaise. v ~

DOSAGE AND ADMINISTRATION

Rezulin should be taken with a meal.

- -

Combination Therapy

Sulfonylureas: Rezulin in combination with a sulfonylurea should be initiated at 200 mg onge daily; The
current sulfonylurea dose should be continued upon initiation of Rezulin therapy. For patients not
responding adequately, the Rezulin dose should be increased at2 to 4 weeks. The maximum recommended
dose is 600 mg once daily. The dose of sulfonylurea may require lowering to optimize therapy.

Insulin: The current insulin dose should be continued upon initiation of Rezulin therapy. Rezulin therapy
should be initiated at 200 mg once daily in patients on insulin therapy. For patients not responding
adequately, the dose of Rezulin should be increased after approximately 2 to 4 weeks. The usual dose of
Rezulin is 400 mg once daily. The maximum recommended daily dose is 600 mg. It is recommended that
the insulin dose be decreased by 10% to 25% when fasting plasma glucose concentrations decrease to less
than 120 mg/dL in patients receiving concomitant insulin and Rezulin. Further adjustments should be
individualized based on glucose-lowering response.

Monotherapy

Rezulin monotherapy in patients not adequately controlled with diet alone should be initiated at 400 or 600
mg once daily. For patients not responding to 400 mg once daily, the Rezulin dose should be increased to
600 mg after 6-8 weeks. For patients not responding adequately to 600 mg after 6-8 weeks, Rezulin should
be discontinued and alternative therapeutic options should be pursued. See CLINICAL
PHARMACOLOGY, Clinica] Studies, Monotherapy.

- -

Patients With Renal Insufficiency

Dose adjustment in patients with renal insufficiency is not required (see CLINICAL PHARMACOLOGY,
Pharmacokinetics and Drug Metabolism). Out of 2938 patients, 148 (5%) had a serum creatinine >/= 1.5 at
baseline. Of these 148 patients, 145 had creatinine levels between 1.5 and 2.0, inclusive; only 3 patients
had levels >2.0. No consistent trend was seen in any of these adverse events, and no worsening of renal

insufficiency was observed. o
,/’/
4

Patients With Hepatic Impairment  ~

. , >
Rezulin therapy should not be initiated if the patient exhibits clinical or laboratory evidence of active liver
disease (eg, ALT>3 :imes the upper limit of normal). See CLINICAL PHARMACOLOGY, Special
Populations, Hepatic Insufficiency, and WARNINGS. - T



HOW SUPPLIED
Rezulin is available in 200, 300 and 400 myg tablets as follows: : . -

-
200 mg Tablets: Yellow, oval, non-scored, film-coated tablet with "PD 352" debossed on one ®ide, and

200" on the other, available in: .. - ~
N 0071-0352-15 Bottles of 30

N 0071-0352-23 Bottles of 90

N 0071-0352-40 (10 x 10 unit-dose blisters)

300 mg Tablets: White, oval, non-scored, film-coated tablet with "PD 357" debossed on one side and "300"
on the other, available in: -

N 0071-0357-20 Bottles of 60 c-
N 0071-0357-25 Bottles of 120

400 mg Tablets: Tan, oval, non-scored, film-coated tablet with "PD 353" debossed on one side, and "400"
on the other, available in:

N 0071-0353-15 Bottles of 30
N 0071-0353-23 Bottles of 90
N 0071-0353-40 (10 x 10 unit-dose blisters)

Storage

Store at controlled room temperature 20°C-25°C (68°-77°F). Protect from moisture and humidity.

~
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Marketed by:
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Div of Warner-Lambert Co and
SANKYO PARKE DAVIS - :

.=
Parsippany, NJ 07054 USA . o,
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PRODUCT PHOTO(S):

NOTE: These photos can be used only for identification by shape, color, and imprint. They do not depict
actual or relative size. . '

The product samples shown here have been supplied by the manufacturer and reproduced in fuil.color by
PDR as a quick-reference identification aid. While every effort has been made to assure accurate :

reproduction, please remember that any visual identification should be considered preliminary -n casés of

s

poisoning or suspected overdosage, the drug's identity should be verified by chemical analysis.
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Rezulin®

(Troglitazone) Tablets

WARNINGS

Hepatic
Rare cases of severe idiosyncratic hegatocellular injury have been ed during
marketed use (see ADVERSE REACTIONS). The hepatic injury is usually reversible,
but very rare of hepatic failure, leading to death or liver transplant, have been
reported. Injury has occurred after both short- and long-term troglitazone treatment.
During all clinical studies in North America, a total of 48 of 2510 (1.9%) Rezulin-treated
patients and 3 of 475 (0.6%) placebo-treated patients had ALT levels greater than 3 times
the upper timit of normal. Twenty of the Rezulin-treated and one of the placebo-treated
patients were withdrawn from treatment. Two of the 20 Rezulin-treated patients developed
reversible jaundice; one of these patients had a liver biopsy which was consistent with an
idiosyncratic drug reaction. An additional Rezulin-treated patient had a liver biogs which
was also consistent with an idiosyncratic drug reaction. (See ADVERSE REACTIONS, -
Laboratory Abnormalities.) :
Serum transaminase levels should be checked at the start of therap)/, monthly for the first
eight months of therapy, every two months for the remainder of the first year of Rezulin ther-
apy, and periodically thereatter. Rezulin therapy should not be initiated if the patient exhibits
clinical evidence of active liver disease or increased serum transaminase levels (ALT>1.5
times the upper limit of normal). Liver function tests also should be obtained for patients at
the first symptoms suggestive of hepatic dysfunction, eg, nausea, vomiting, abdominal pain,
fatigue, anorexia, dark urine. If serum transaminase levels are moderately increased
(ALT>1.5 to 2 times the upper limit of normal), liver function tests should be repeated within
a weck and then weekly until the levels return to normal. If at any time a JJatient has jaundice
or ALT rises above 3 times the upper limit of normal, Rezulin should be discontinued.

ESCRIPTION

ezuline (troglitazone) is an oral antihyperglycemic agent which acts primarily by decreasing

sulin resistance. Rezulin is used in the management of type 1l diabetes (noninsulin-dependent

abetes mellitus (NIDDM) aiso known as adult-onset diabetes). It improves sensitivity to insulin
muscle and adipose tissue and inhibits hepatic gluconeogenesis. Troglitazone (+-5-{[4-{(3.4-

nydro-6-hydroxy-2,5.7, 8-tetramethyl-2H-1 -benzopyran-2-yl)methoxylphenyllmethyl}-2,4-thiazo-

iinedione) is not chemically or functionatly related to either the sulfonylureas, the biguanides,
th-  lucosidase inhibitors. The molecule contains 2 chiral centers, with each of the 4

2 ers having similar pharmacologic effects. The structural formula is as shown:

’cnp«Q?—cu2 H SYO
g
o

CH,

CH

CH,

HO
CH,

aglitazone is a white to yellowish crystalline compound; it may have a faint, characteristic odor.
oglitazone has a motecular formuila of C,H,NO;S and a molecular weight of 441.55 daitons.
s soluble in N,N-dimethytformamide or acetone; sparingly soluble in ethyl acetate; slightly sol-
e in acetonitrile, anhydrous ethanol, or ether; and practically insoluble in water.

22ulin is available as 200, 300 and 400 mg tablets for oral administration formulated with the
lowing excipients: croscarmellose sodium, hydroxypropy! methylcellulose, magnesium

sarate, microcrystalline celulose, polyethylene glycol 400, polysorbate 80, povidone, purified
ater, silicon dioxide, titanium dioxide, and synthetic iron oxides.

LINICAL PHARMACOLOGY

echanism of Action

oglitazone is a thiazolidinedione antidiabetic agent that lowers blood glucose by improving tar-
#t cell response to insulin. It has a unique mechanism of action that is dependent on the pres-
\ce of insulin for activity. Troglitazone decreases hepatic glucose output and increases insulin-
pendent glucose disposat in skeletal muscle. Its mechanism of action is thought to involve
nding to nuclear receptors (PPAR) that regulate the transcription of a number of insulin
sponsive genes critical for the control of glucose and lipid metabolism. Unlike sulfonylureas,
)glitazone is not an insulin secretagogue. .

animal models of diabetes, troglitazone reduces the hyperglycemia, hyperinsulinemia, and
‘pertriglyceridemia characteristic of insulin-resistant states such as type Il diabetes. Plasma
“tate and ketone body formation are also decreased. The metabolic changes produced by
»glitazone resuit from the increased responsiveness of insulin-dependent tissues and are
served in numerous animal models of insulin resistance. Treatment with troglitazone did not
‘ect pancreatic weight, islet number or glucagon content, but did increase regranuation of the
.ncreatic beta cells in rodent models of insulin resistance. ,;ii ’

1ce troglitazone enhances the effects of circulating insutin (by decreasing insulin‘fesistance), it
es not lower blood glucose in animal modeis that lack endogenous insulin. %~

r029ZSED

Rezulin® (Troglitazone) Tablets

Pharmacokinetic estimators of systemic troglitazone exposure do not improve the prediction of
pharmacodynamic fesponse beyond that obtained based upon knowledge of the administered
dose.

Rezulin has only been shown tu exert its antihyperglycemic effect in the presence of insulin.
Because Rezulin does not stimulate insulin secretion, hypoglycemia in patients treated with
Rezulin alone is not to be expected. Because of this mesllin-dependent mechanism of action.
Rezulin should not be used in patients with type | diaggtes.

Clinical Studies . v
Combination With Sulfonylureas ¢- ol

A 52-week, double-blind, placebo-controlled study of Rezulin and 12 mg micronized glyburide,
alone and in combination, was conducted in patients with type !l diabetes (N=552), who had
failed to achieve adequate glycemic control (FSG of 224 mg/dL and HbA¢ of 9.6%) while on
maximal doses of a sulfonylurea. Patients randomized to receive micronized glyburide showed
mear. increases in FSG and HbA,¢ . Similarly, patients who switched from a sulfonylurea to
Rezulin monotherapy also demonstrated increases in FSG and HbA¢.

Combination Therapy With Glyburide: Mean Difference

TABLE 2.
From 12 mg Micronized Glyburide Monotherapy (1 yr)
200 mg 400 mg 600 mg
Rezulin + Rezulin + Rezulin +
Glyburide Glyburide Glyburide
FSG (mg/dL)
Mean Baseline 226 - . 23t 220
Adjusted Mean Change From Baseline -31 - -38 -56
Adjusted Mean Difference 54" - 61 -79°
From Glyburide -
HbA ¢ (%) Lo
Mean Baseline D - SRR, o8 97 - 95
Adjusted Mean Change From Baseline -0.7 -0.9 -1.8
Adjusted Mean Difierence -1.6" -1.8*° -2.7°
From Glyburide
Insulin (pU/mL)
Mean Baseline 28.2 249 26.4
Adjusted Mean Change From Baseline -3.8 . -59 -6.1
Adjusted Mean Difference -24 -4.4° -4.6°
From Glyburide
*  p <0.05 compared to continuation of glyburide monotherapy.
“* p <0.0001 compared to continuation of glyburide monotherapy.
TABLE 3. Combination Therapy With Glyburide: Percent of Patients
&chieving Glycemic Control at End of Study (1 yr)
Rezulin (mg) 0 200 400 600
Glyburide (mg) 12 12 12 12
HbAc (%)
<7% 1 22 21 41
<8% 10 33 32 60

A combination of 260, 400, or 600 mg of Rezuin: with micronized glyburide achieved lower lev-
els of fasting plasma giucose and HbA levels than either agent achieved alone (see Tables 2
and 3). These improvements in glycemic control were associated with mean weight gains of 5.8
to 13.1 pounds. To eliminate weight as a confounding factor in this study, patients had been
instructed to follow a diet to maintain cutrent wehght,
Combination With insulin . S -
Two clirical studies were conducted to evaluate the effects of Rezulin on glycemic control and
insulin dose in patients with type il diabetes who were being treated with insulin. -
In one 6-month, double-blind, placebo-controlled study in insulin-treated type Il diabetic patients
receiving a mean of 73 (range 27-143) units/day of insulin with a mean baseline HbA, tg of 9.42
(range %04-12448), Rezulin (200 or mg/day) or placebo was added to the insulin therapy.
investigators were instructed to reduce insulin doses onl if two consecutive ESGs were <100
mg/dL.. Rezulin-treated patients showed a significant (p<0.0001) feduction |n’HbA1c compared
with patients who received placebo {see Table 4).
‘Thirty percent ou;atients treated with 200 mg Rezulin and 57% of patients treated with 600 mg
Rezulin had an HbA ¢ value below 8% at the end of the study compared-with 11% of placebo-
treated patients. Accompanying this improvement in glycemic control was a significant (p<0.0001)
decrease in exogenous insulin dosage of 15% in the 200 mg Rezulin treatment group and 42% in
the 600 mg Rezulin treatment group compared with 1% in the placebo gf%%‘? values and
insulin dose as a function of duration of Rezulin treatment are presented in s { and 2.

TABLE 4. Combination Therapy with Insulin:

Mean Change From Baseline at 6 Months

Troglitazone
Parameter Placebo 200 mg 600 mg
N 118 116 116
Hha. (o) *
*
-



Pharmacokinetics and Drug Metabolism
+ avimum plasma concentration (Cmax) and the area under placma concentraticn-tme curve
AUC) of troglitazone increase proportionally with increasing doses over the dose range of 200
10 600 mg/day (Table 1). Following daily drug administration. steady-state plasma concentrations

~f troglitazone are reached within 3 to 5 days.
TABLE 1. Mean (+1 SD) Steady-State Pharmacokinetics of

Troglitazone in 21 Normat Vol s

Dose Cmax AUC (0-24) CUF*
(mg/day) (pg/ml) {ug-hr/mL) (mi/min)
200 0.80 (0.36) 74 (24) 500 (187)
400 1.61 (0.69) 13.4 (5.5)" 601 (324)
600 2.82 (1.03) 22.1(6.8) 496 (166)

"CL/F = Apparent oral clearance.

Absorption: Troglitazone is absorbed rapidy following
plasma concentration (tmax) occurs within 2 to 3 hours.
by 30% to 85%; thus Rezulin should be taken with a meal to enhance systemic drug availability.
Distribution: Mean apparent volurme of distribution (V/F) of troglitazone following multipie-dose
administration ranges from 10.5 to 26.5 L/kg of body weight. Troglitazone is extensively bound
(>99%) to serum albumin. [ "4Cltroglitazone partitions into red bicod celis (-5% of whole blood

radioactivity).

Metabolism: in 6 healthy male volunteers given a single 400 mg dose of ['4C]trogtitazone after
14 days of treatment with 400 mgq troglitazone tablets, the major metabolites found in the plasma
were the sulfate conjugate (Metabolite 1), foliowed by the quinone metabolite (Metabolite 3).

Only 3.1% of the dose was detected in the urine; this was primarily in the form of the glu-
curonide conjugate (Metabolite 2), which is present in negligible amounts in the plasma. In both
normal volunteers and patients with type Il diabetes, steady-state levels of Metabolite 1 are 6 to
7 times that of troglitazone and Metabolite 3. .
Troglitazone incubated with expressed human P450 1A1, 1A2, 2A6, 286, 206, 2E1, and 3A4in
the presence and absence of known inhibitors of these enzymes showed no Metabolite 3 forma-
tion above levels in control samples. Studies in human microsomes suggest that Metabolite 3 is
not subject to further metabolism by the major P450 isozymnes. Troglitazone did not inhibit any of
the major P450 enzymes at clinically relevant concentrations. The inhibitory characteristics of
Metabolite 3 have not been investigated directly.
The resuits of human in vivo drug interaction trials suggest that trogitazone induces cytochrome
P450 3A4 at clinically relevant doses (see Drug interactions).

Excretion: Following oral administration of [ 14Cltroglitazone, approximately 88% of the radioac-
nvity is recovered in feces (85%) and urine (3%). Unchanged troglitazone 1s not recovered in
urine following oral administration. Mean plasma elimination half-life of troglitazone ranges from

16 to 34 hours.
Special Populations
Renal Insutficiency: In patients with vari

oral administration; the time for maximum
Food increases the extent of absorption

ous degrees of renal function, the apparent clearance

of total and unbound troglitazone and the plasma elimination haif-life of troglitazone. Metabolite

1. and Metabolite 3 do not correlate with creatinine clearance. Thus, dose adjustment in patients

with renal dysfunction is not necessary (see DOSAGE AND ADMINISTRATION).

Hepatic Insufficiency: Troglitazone, Metabolite 1, and Metabolite 3 plasma concentrations in

patients with chronic liver disease (Childs-Pugh Grade B or C) were increased by approximately

30%, 400% and 100%, respectively, compared to those in healthy subjects without hepatic dys-
‘ction. There was no change in plasma protein binding. No adverse events vere noted in any

1p that were attributed to drug. However, Rezulin therapy should not be initiated if the patient

ibits clinical evidence of active liver disease or increased serum transaminase levels

(ALT>1.5 times the upper limit of normal); see WARNINGS.

Geriatrics: Steady-state pharmacokinetics of troglitazone, Metaboiite 1, and Metabolite 3 in

healthy elderly subjects are comparable to those seen in young adults.

Pediatrics: Pharmacokinetic data in the pediatric population are not available.

Gender: Plasma concentrations of troglitazone and its metabotites are similar in men and

women.
Ethnicity: Pharmacokinetics of troglitazone and its metabolites are similar among various ethnic

groups.

Pharmacodynamics and Clinical Effects

Ciinical studies demonstrate that Rezulin improves insulin sensitivity in insulin-resistant patients.
Rezulin increases insulin-dependent giucose disposal. reduces hepatic gluconeogenesis. and
enhances cellular resportsiveness to insulin and thus, improves dysfunctional gtzcose home- -
ostasis. In patients with type Il diabetes. the decreased insulin resistance produced by Rezuiin
causes decreases in serum glucose, plasma insulin, and hemoglobin A,c. Unlike sutfonylureas,
Rezulin does not stimulate insulin secretion. Addition of Rezulin to a sulionylurea has a syner-
gistic effect since both agents act to improve glucose to'erance by difierent but complementary

mechanisms. These effects occur without weight loss and persist for 52 weeks of Rezulin treat-

ment.

in clinical trials ot Rezulin as monotherapy or in combination, afi-increase in LDL (up to 13%).
HDL (up to 16%), and total cholesterol (tedal-C) (up to 5%) occurred while total-C/HDL and
LDUL/HDL ratios did not change. The increase in total cholesterol is due to the increase in HDL
and LDL cholesterol. Despite the observed increase in totat and LDL cholesterol, ApoB fraction
levels are not increased. Patients treated with Rezulin as monotherapy or in combination with
other agents exhibited a reduction in fasting (-13% to -26%) and postprandial trigtyceride levels.
For patients on Rezulin and insuiin, reduction in insulin doses may occur following Rezulin ther-

apy and some attenuation of the triglyceride reduction may occur.
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A second 6-month, double-blind, placebo-controlied study in insulin-treated ty,
previously were poorly controlied on oral agents receiving 30 to 150 units insul
the use of Rezulin in reducing exogenous insulin dosage while improving glycemic
measured by capiflary biood glucose.
Patients treated with 200 mg (N=75) and 400 m%(N=76)
Reézulin had their insulin doses decreased by 41%5 ahd

%, respectively, red to a reduction of insulin dose
in the placebo group (N=71) of 14% while maintaining or
improving glycemic control. Forty-one percent of the
patients in the 400 mg group decreased their insulin injec-
tion frequency an average from 3 to 1 injections per day,
19% of patients receiving placebo decreased their injection
frequency an average from 3 to 2 injections per day. nsulin
therapy was discontinued in 15% of patients in the 400 mg
Rezulin g:gup compared to 7% in the 200 mg group and
1.5% in placebo group.

pe |l diabetics who
lirvday assessed
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A greater than 50% reduction in nsulin dose was achieved by 517 of patients on 200 mg and
70%, on 400 mg once daily as compared to 17 on placebo.

Menntherapy

‘nical trials. including 2 placebo-controlled studies with durations from 12 to 26 weeks
- 2n conducted to study the use of Rezulin as monotherapy. These studies have exam-
n.  _ezulin doses from 100 to 600 mg/day in approximately 1500 patients. The patients studied
nave included patients previously treated with a sulfonylurea who were studied following prior
therapy wash out (N=1265) and patients previously treated with diet only (N=230). In patients
previously treated with a sulfonylurea, Rezulin treatment did not result in an improvement in
glycemic control beyond that seen with the patients’ prior theragy, aithough glucose lowering
was significantly better than that seen with placebo treatment. For patients previously treated
with diet. Rezulin doses of 200 mg, 400 mg and 600 mdg/d?l were associated with improved
FSG compared to placebo. However, only the 600 mg/ ag ose resufted in a difference com-
pared with Placgho that was statistically significant in both studies (see Table 5). At 600 mg per.
day, 58% oedpanen(s previously treated with diet in the 12-week study and 47% of patients previ-
(versus placebo values of 28% and 21%, respec-

ously treated with diet in the 26-week study 3 !
tively) had a response to Rezulin of 2 30 mg/dL reduction from baseline in fasting serum glu-
cose.
TABLE 5. Gy ic Par ters in Diet-Failure P:
12 Week Study
Placebo 200 400 600

N 19 23 20 33
FSG (mg/dL)

Mean Baseline 168 169 181 196

Adjusted Mean Change From Baseline 14 -14 -20 -38

Adjusted Mean Ditference From Placebo -31* -37 -55°
HDA ¢ (%) :

Mean Baseline 8 8.2 86 8.6

Adjusted Mean Change From Baseline 0.1 -0.6 -0.6 -0.8

Adjusted Mean Difference From Placebo 05 -0.6 -0.7"

26 Week Study
Placebo 200 400 600

N 18 . 18 19 15
FSG (mg/dL)

Mean Baseline 202 ‘19 201 201

Adjusted Mean Change From Baseline -6 -24 -17 -48

Adjusted Mean Difference From Placebo -18 -10 -42°
4bA . (%)

Mean Baseline 8.7 83 85 86

Adjusted Mean Change From Baseline 0.4 -0.2 0.3 -1

Adjusted Mean Ditference From Placebo -0.6 0.1 . -1.4°

9<0.05

NDICATIONS AND USAGE
-ay be used concomitantly with a sulfonylurea or insulin to improve glycemic control.

e

e 3 monotherapy. is indicated as an adjunct to diet and exercise to lower blood glucose

s with tvpe !l diabetes (see DOSAGE AND ADMINISTRATION). Rezulin should not be

sea .. monotherapy in patients E)rneviously well-controlled on sulfonylurea therapy. For patients
ylurea alone, Rezulin should be added to, not substituted

radequately controlled with a sutl
o, the sulfonylurea.

fanagement of type Ii diabetes should include diet control. Caloric restriction, weight loss, and
xercise are essential for the r treatment of the diabetic patient. This is important not only
1 the primary treatment of type Il diabetes, but in maintaining the efficacy of drug therapy. Prior
» initiation of Rezulin therapy, secondary causes of poor glycemic controi, eg. infection or poor
jjection technique, should be investigated and treated. .

ONTRAINDICATIONS
ezulin is contraindicated in patients with known hypersensitivity or allergy to Rezulin or any of

3 components.

IARNINGS .

EE BOXED WARNING. : - s
RECAUTIONS

eneral
ecause of its mechanism of action, Rezulin is active only in the presence of insulin. Therefore,
ezuiin should not be used in type | diabetes or for the treatment of diabetic keto-acidosis.

ypoglycemia: Patients receiving Rezulin in combination with insulin-or oral hypoglycemic
Jents may be at risk for hypoglycemia and a regduction in the dose of the concomitant agent
cemia has not been*Bbserved during the administration of Rezulin

ay be necessary. Hypo%l
5 monotherapy and would not be expected based on the mechanism of action.

vulation: In premenopausal anovulatory. patients with insulin resistance, Rezulin treatment
:ay result in resumption of ovulation. These patients may be at risk for pregnancy.
ematologic: Across all clinical studies, hemoglobin declined \t;y 3 to 4% in troglitazone-treated
atients compared with 1 to 2% in those treated with placebo. White blood cell counts also
sclined slightly in troglitazone-treated patients compared to those treated with placebo. These

Y
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ciated with AUC values of parent compound and total metabolites .nat were at least 2-50 7 4" -
er than the human exposure at 400 mg daily. No tumors of any tvpe were increasedg i micé at
50 mg/kg at exposures up o 40° of that in humans at 400 mq daily. based on AUC of parent

compound and total metabolites.
Troglitazone was neither mutagenic in bacteria nor clastogenic in bone marrow of mice
Equivocal increases in chromosome aberrations were observed in an in vitro Chinese hamster
lung celf assay. In mouse lymphoma cell 3ene mutations assays. resulils were equivocal when
conducted with a microtiter technique and negative with an agar plate tectnique. A liver
unscheduled DNA synthesis assay in rats was negative.

No adverse effects on fertility or reproduction were observed in male or female rats given 40.
200, or 1000 mg/kg daily prior to and mrou%hout mating and gestatoon. AUC of parent com-
pound at these doses was estimated to be 3- to 9-fold ngper han the human exposure.

Animal Toxicology
Increased heart weights without microscopic changes wema.observed in mice and rats treated
for up to 1 year at exﬁg:ure (AUC) of garem and activessietabolite exceeding 7 times the human
AUC at mg/day. These heart wei% t increases were reversible in 2- and 13-week studies,
were prevent coadministration of an ACE inhibitor, and. 14 days of troglitazone administra-
tion to rats did not affect left ventricular performancd.dn the lifetime casfinogenicity studies.
mic-oscopic changes were noted in the hearts of rats but not in mice. In control and treated rats.
microscopic changes included myocardial inflammation and fibrosis and karyomegaly of "l
es. The incidence of these changes in drug-treated rats was increased comparec ) con-

trols at twice the AUC of the 400 mg human dose.

Pregnancy -
Pregnancy Category B. Troglitazone was not teratogenic in rats given up to 2000 rn%/k or rab-
bits given up toe?&o mg/kg durin organogenesig%ompamd to human exposure ol 4%0 mq
daily, estimated exposures in rats (parent compound) and rabbits (carent compound and active
metabclite) based on AUC at these doses were up to S-fold and 3-fold higher. respectively. Body
weights of fetuses and offsprin? of rats given mg/kg during gestation were decreased.
Delayed postnatal ment, attributed to decreased%ody weight, was observed in offspring
of rats given 40. 200, or 1000 mg/k dunng late gestation and lacfation periods; no effects were
observed in offspring of rats given 10 or 20 mg/kg.

There are no adequate and weli-controlled studies in pregnant women. Rezulin should not be
used during pregnancy unless the potential benefit justifies the potential risk to the fetus.
Because current information strongly suggests that abnormal bicog glucose levels dunng preg-
nancy are associated with a higher incidence of congenital anomalies as well as increased
neonatal morbidity and mortality, most experts recommend that insulin be used during pregnan-
cy to maintain blood glucose levels as close to normat-as-possible.

Nursing Mothers . ..
It is not known whether troglitazone is secreted in-huntein milk. Jroglitazone is secreted in the
mitk of 2ctating rats. Because many drugs are excreted in human milk, Rezulint shouid not be
administered to a breast-feeding woman.

Pediatric Use
Safety and effectiveness in pediatric patients have not been estabiished.

Geriatric Use
Twenty-two percent of patients in clinical trials of Rezulin were 65 and over. No differences in

effectiveness and safety were observed between these patients and younger patients.

ADVERSE REACTIONS

Two Batiems in the clinical studies developed reversible jaundice; one of these patients had a
liver biopsy which was consistent with an idiosyncratic drug reaction. An additional patient had a
tiver biopsy which was also consistent with an idiosyncratic drug reaction. Symptoms that are
associated with hepatic dysfunction or hepatitis have been reported, including: nausea. vomiung.
abdominal pain, fati%ue. anorexia, dark unne, abnormal liver function tests (including increased
ALT, AST, LDH, alkaline phosphatase, bilirubin). Also see WARNINGS.

The overall incidence and types of adverse reactions reported in placebo-controlled clinical trals
for Rezulin-treated patients and placebo-treated patients are shown in Tabie 6. In patients treat-
ed with Rezulin in glyburide-controlied studies (N=550) or uncontrolled studies (N=510), the
safety profile of Rezulin appeared similar to that di in Table 6. The incidence of with-
drawals during clinical trials was similar for patients treated with placebo or Rezulin (4%).

TABLE 6. gonn Aedm:rttca'g__\ Phcebo-g%f’wm Clig\iq?l Studies: Adverse Events
eports a uency in-Treated Patients
red %ot Patents

Placebo Rezulin Ptacebo Rezulin

N =492 N = 1450 N = 492 N = 1450
Infection 22 18 “Nausea 4 6
Headache 11 M 4 Rhinitis 7 5
Pain 14 10 Diarrhea 6 5
Accidentai Injury 6 8 Urinary Tract Infection 6 5
Asthenia s 6 Peripheral Edema 5 &
Dizziness 5 6 Pharyngitis 4 S
Back Pain 4 8
Types of adverse evenis seen when Rezulin was used concomitantly with insulin @N=543) were

H f
similar to those during Rezulin monctherapy (N=1731). although hypoglycemia occurred on
insulin combination therapy (see PRECALW!(SNS).

Laboratory Abnormalities -
Hematologic: Small decreases in hemogiobin, hematocrit, and neutrophil counts (within the
normal range) were more common in Rezulin-treated than piacebo-treated patients, and may be
related to increased plasma volume observed with Rezulin treatment. Hemoglobin decreases to
below the normat range occurred in 5% of Rezulin-treated and 4% of placebo-treated patients.



unange: weLurrea wilhun the st 1our etgﬁl Weexs wi Itiefaly. Leve!s sabuzed ang remamea
These changes may be due to the dilutional

unchanged for up to two years of continuing thera Y
effects of increased plasma volume and have not geen associated with any significant hemato-
logic clinical effects (see ADVERSE REACTIONS. Laboratory Abnormalities}

Use in Patients With Heart Failure
Heart enlargement without microscopic changes has been observed n rodents at exposures of
parent compound and active metabolite exceeding 7 times the AUC of the 400 mg human dose
see PRECAUTIONS. Carcinogenes:s, Mutagenesis. impairment of Fertiity, and Animal
oxicology). Serial echocardiographic evaluations in monkeys treated ctwonically at exposures at
4-9 times the human exposure to parent compound and active metabolite at the 400 mg dose did
not reveal changs in heart size or function. In a 2-year echocardiographic chnical Study using
600 to 800 mg/day of Rezulin in patients with | diabetes. no increase in left ventricutar mass

or decrease in cardiac output was observed. The methodology employed was able to detect a
change of about 10° or more in left ventricutar mass

In animal studies. troglitazone treatment was associated with increases of 6% fo 15 in plasma
volume. In a study of 24 normal volunteers, an increase in plasma volume of 6°% to 8° com-
pared to placebo was observed following 6 weeks of troglitazone treatment.

No increased incidence of adverse events potentially related to volume expansion (eg  unges-
tive heart failure) ha > been bserved duri comrorled clinical trials. However. patier_ .

) Heart Association (NYHA) CI ss Il and IV cardiac status were not studied auring clini-
cal triais. Therefore. Rezulin is not indicated unless the expected benefit is believed to outweigh
the potential risk to patients with NYHA Class il or IV cardiac status.

information for Patients
Rezulin should be taken with meals. If the dose is missed at the usual meal, it may be taken at
the next meal. If the dose is missed on one day, the dose should not be doubled the following day.
Itis important to adhere to dietary instructions and to regutarly have blood glucose and glycosy-
lated hemoglobin tested. During periods of stress such as fever, trauma. infection, or surgery,
insulin requirements may change and patients should seek the advice of their physician.
Patients who develop nausea, vomiting, abdominal pain, fatigue, anorexia, dark urine or other
symptoms su ve of hepatic dysfunction or {.)aémdoce should inwnediatelger?fon these signs
of symptoms 1o their physician. Patients should be informed that blood wift rawn to check
py, monthly for the first eight months of therapy, every two

their liver function at the start of thera e F
months for the remainder of the first year of Rezulin therapy, and periodically thereafter.

When using combination therapy with insulin or oral hypoglycemic agents, the risks of hypo-

gtycemia, its symptoms and treatment, and conditions that predispose to its development should
e explained to patients and their family members. .

Use of Rezulin can cause resumption of ovutation in women taking oral contraceptives and in

patients with polycystic ovary disease. Therefore, a higher dose of an oral contraceptive or an

alternative method of contraception should be considered.

Rezulin may affect other medications used in diabetic patients. Patients started on Rezulin

should ask their physician to review their other medications to make sure that they are not

affected by Rezulin.
Drug interactions

Oral Contraceptives:
estradiof and norethindrone reduced

Administration of ReZulin with an oral contraceptive containing ethinyl

{ t the plasma concentrations of both by approximately 30%.
which could resuit in loss of contraception. Therefore, a higher dose of oral contraceptive ot an
alternative method of contraception zgould be considered.

Terfenadine: Coadministration of Rezulin with terfenadine decreases the plasma concentration
of both terfenadine and its active metabolite by 50-70% and may result in decreased efficacy of

terfenadine.
Cholestyramine: Concomitant administration of cholestyramine with Rezulin reduces the
absorption of troglitazone by 70%; thus. coadministration of cholestyramine and Rezutin is not
recommended.

Glyburide: Coadministration of Rezulin and glyburide does not appear to alter troglitazone or
glyburide pharmacokinetics,

Digoxin: Coadministration of Rezulin with di
netics of digoxin.

Warfarin: Rezulin has no ciinicaily significant effect on prothrombin time when administered to
patients receiving chronic warfarin therapy.

Acetaminophen: Coadministration of acetaminophen and Rezulin does not alter the pharmmaco-

kinetics of either drug.
Metformin: No information is available on the use of Rezulin with metformin.

Ethanol: A single administration of a moderate amount of alcohol did not increase the risk of
acute hypoglycemia in Rezilin-treated patients with type Il diabetes mellitus.

The above interactions with terfenadine and oral contraceptives suggest that troglitazone may
induce drug metaboksm by CYP3A4. Studies have not been performed with other drugs metabo-
lized by this enzyme such as: astemizole, caicium channel biockers, cisapride, corticosteroids.,
cyciosporine, HMG-CoA reductase inhibitors, tacrolimus, triazolam, and trimetrexate. The possi-
bility of altered safety and efficacy should be considered when Rezulin 's used concomitantly with

these drugs.
Patients stable on one or more of these agents when Rezulin is started should be closely moni-

tored and their therapy adjusted as necessary

Carcinogenesis, Mutagenesis, Impairment of Fertility . i
Troglitazone was administered daily for 104 weeks to male rats at 100, 400. or 800 mg/kg and to
female rats at 25, 50, or 200 mg/kg. No tumors of any type were increased at the low and mid
doses. Plasma drug exposure based on AUC of parent compound and total metabolites at the
low and mid doses was up to 24-fold higher than human exposure at 400 mg daily. The highest
dose in each sex exceeded the maximum tolerated dose. In a 104-week study in mice given 50,
400, or 800 mg/kg, incidence of hemangiosarcoma was increased in females at 400 mg/kg and
’in both sexes at mg/kg. incidence of hepatoceliular carcinoma was increased in females at
g. The lowest dose associated with increased tumor incidence (400 mwkg) was asso-

goxin does not alter the steady-state pharmacoki-

0352G204 - )

Lipids: Smaii changes .n serum :pids nave been <oserved 1see CUNICAL FRARMAC . i+

Prarmacodynamics ang Chiical £ ffects)
Scrum Transaminase Levels: Durng all cimcal studies i North Amenca. a total of 48 ~r 2=,
i1.9%) Rezulin-treateq patients and 3 of 475 (0.6°¢} placebo-treated patients nad ALT ievels
greater than 3 times the upper umut of normal. Durmg controlied climical trals. 2 2°: of Rezunr.
treated patients had reversible efevations in AST or ALT greater than 3 times the upper lim1 of
narmal. compared with 0.6° of patients receiving placebo. Hyperbilirubinemia (>1.25 upper limit
of normal) was found in 0.7° of Rezulin-treated patients compared with 1 7° of patierits rece-
mP placebo in the population of patents treated with Rezulin, mean and median values for
bifirubin. AST. ALT. alkaline phosphatase. and GGT were decreased at the final visit compared
with baseline. while valyes !g? L DH were increased slightly (see WARNINGS).

Postintroduction Reports

Adverse events associated with Rezulin that have been reported since market introduction. that

are not listed above, ard for which causal relationship to drug has not been established inciude
congestive heart failure, weight gain. edema, fever, abnormal lab tests including

the 1ollowirg: ht f
increased CPK and creatinine, hyperglycemia, syncope, anemia, malaise.

DOSAGE AND ADMINISTRATION o
F 2zulin should be taken with a meal. ~
Combination Therapy .

Sultogr\glurus: Rezulin in combination with a sulbnﬁrea should be initiated at 200 mg once
daily. The current sulfonylurea dose should be continued upon initiation of Rezulin therapy. For
pauents not responding adequateg,)éhe Rezulin gse should be inct at 2 to 4 weeks. The
maximum recommended dose is mg once daly. The dose of s ylurea may require low-

ering to optimize therapy.

Insutin: The current insulin dose should be continued upon initiation of Rezulin therapy. Rezulin

therapy should be initiated at 200 mg once daily in g:uents on insulin therapy. For patients not
ezulin should be increased after approximately 2 to 4

responding adequately, the dose of
weeks. The usual dose of Rezulin is 400 m‘g once daily. The maximum daily dose
is 600 mg. It is recommended that the insulin dose be decreased by 10% to 25% when fasting
plasma glucose concentrations decrease to less than 120 mg/dL in patients receiving concomi-
tant insulin and Rezulin. Further adjustments should be individualized based on glucose-lower-

ing response
Monotherapy

Rezulin monotherapy in patients not adequately controlled with diet alone should be initiated at
400 or 600 mg once daily. For patients not responding to 400 m? once daily, the Rezulin dose
shculd be increased to 600 mg after one month. For patients nof responding adequately to
600 after one month, Rezulin should be discontinued and alternative therapeutic options
should’be pursued. See CLINICAL PHARMACOLOGY, Clinical Studies, Monotherapy.

Patients With Renal Insufficiency - .
Dose adjustment in patients with rena! insufficiency is not rez%uired (see CLINICAL PHARMA-
COLOG#, Pharmacokinetics and Dru? Metabolism). Out of 2938 patients, 148 (5%) had a
serum creatinine >1.5 at baseline. Of these 148 patientg, 145 had creatinine levels between 15
and 2.0, inclusive: only 3 patients had levels >2.0. No consistent tcend was seen in any of these
adverse events. and no worsening of renal insufficiency was obgerved.

Patients With Hepatic Impairment P Y -

Rezulin therapy should not be initiated if the patient exhibits clinical evidence of active liver dis-
ease of increased sefum transaminase levels (ALT>1.5 times the upper limit of normaP?. See
CLINICAL PHARMACOLOGY. Special Populations, Hepatic Insufficiency and WARNINGS

HOW SUPPLIED

Rezulin is availabie in 200. 300 and 400 mg tablets as foilows:

200 mg Tablets: Yellow, oval, non-scored. film-coated tabiet with "PD 352" debossed on one
side. and “2007 on the other. available in:
N 0071-0352-15 Botttes of 30 N 0071-0352-23 Bottles of 90

N 0071-0352-40 (10 x 10 unit-dose blisters})

300 mg Tablets: White, oval. non-scored. film-coated tablet with “PD 357" debossed on one
side and “300" on the other. availabie in-

N Gu71-0357-20 Botties of <9 N 0071-0357-25 Bottles of 120

400 mg Tablets: Tan, oval. non-scored. film-coated tablet with “PD 353" debossed on one side.
and “400" on the other, available in: -

N 0071-0353-15 Botties of 3C N 0071-0353-23 Bottles of 90

N 0071-0353-40 (10 x 10 unit-dose blisters)

Storage
Store at controlled room temperature 20°C-25°C (68°F-77°F). Protect from moisture and

humidity.
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